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SOURCEBOOK FOR SCIENCE SUPERVISORS 



Oaence supervisors, or department chairpersons, have a complex and difficult job. They must 
have the abilities, experience, and training of scientist, educator, administrator, and politician. In ex- 
plaining this concept to other supenrisors, I often draw a series of concentric circles, with the inner 
circle labeled Science," the next circle labeled Teaching of Science," and the larger, more 
encomiwssing circle labeled "Supenrising Science Teaching." The concentric circles represent the 
vmous dimensions of bemg a science supenrisor. Supervisors must first be scientists, in the sense 
that they have an in-depth knowledge of at least one scientific field, and the ability and willingness 
to stay current in that field. The lack of this competence makes it very difficult to work with oUier 
science teachers and scientists in the community. Not only must a science supenrisor know his or 
her content area, he orshe must have the ability to helpboth students and teachers learn it Ascience 
supenrisor must be a master teacher, both in practice and in the knowledge of teaching methods 
research on learning, and insight into students' developmental stages. It goes without saying that a 
supenrisor must have successful experience as a classroom teachen in addition, he or she must be 
able to capture the spint and science of teaching and communicate it to other teachers. 

FinaUy, and perhaps most important for this particular job, the supenrisor must promote and 
support the role of science teaching with teachers and other key decision makers in the administra- 
tion and community. By translating the needs of teachers and students for the key policy makers 
within a school district, the science supenrisor becomes part politician. In addition, it is important to 
sran the community for those elements that wiU affect the fi.Mre direction of science education and 
communicatethembacktotheteachers.Thequote attributed to 

difficult than physics often summarizes the finistration and difficulties of this dimension of the 
supervisor's job. 

This Sourcebook, with contributions fi-om many university professors and practicing science 
supenrisors, has invaluable articles that will help all of us accomplish the various dimensions of our 
job. Appreciation should be given to Gerry Madrazo and LaMoine Motz for their skilled and diligent 
effort in putting this sourcebook together. 

HAROLD PRATT 

NSSA PAST-PRESIDENT, 1985-86 
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Preface 



Ajs the twenty-first century approaches, science education must find new directions. To be effec- 
tive, science education must focus on relevance for th e learner. As educators, we must help student ^ 
develop the skills and knowledge base they need to understand the relationship of science, 
technology, and society. As well, we need to design and foster interdisciplinary work between 
science and the arts, languages, and social sciences. It is only when they see these disciplines as a 
continuum of knowledge will students understand of the role of science in their lives. 

Moven^ent in these directions requires change. Successful change In science education requires 
effective leadership of the science specialist It is my sincere hope that this Third Sourcebook for 
Science Supervisors will help science supervisors become successful catalysts in their role of 
improving science education for the present and the future. 

KENNETH RUSSELL ROY 

NSSA PRESIDENT, 1987-88 
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THie role of the science supendsor (science department head, science department chairperson, 
directorof science, etc.) has changed dramatically since the Second Sourcebook fi>r Science Supervisors 
was published m 1976. Professionals with responsibility for science superv:sion are invoWed in a 
myriad of time<:onsuming acthdties that need careful attention. Some science supervisors are 
expected to oversee science programs in a multitude of school buildings; others are expected to 
teach from two to five classes while carrying out the duties of supendsor and science specialist 

Many readers of this book will be new to the ranks of the science education specialist This book 
will offer practical advice to both the novice and the experienced science supendsor. The editors, 
LaMoine Motz and Gerry Madrazo, have selected these manuscripts with the needs of science 
supendsors in mind. The articles within the pages of this Sourcebook have been written by and for 
science supervisors and science specialists. 

As a science supendsor, you have chosen a field with nwLiy rewards and frustrations. The Third 
Sourcebook for Science Supervisors will help you handle the potential challenges of your position, and 
guide you in your pursuit of excellence in science supervision. 



MERIK R. AARON 

NSSA PAST-PRESIDENT, 1986-87 
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New Directions 
In Science Education 



Paul DeHart Hurd 

STANFORD UNIVERSFTY 



In developed and developing countries 
tfiroughout the world, efforts are being made 
to reconceptualize and modernize the teach- 
ing of science in schools. The central focus of 
these efforts is to make science and technol- 
ogy more useful to individuals so they can 
better direct thdr own lives and act responsi- 
bly in the chdc afiEairs of their countries. 

Certainly, a reform of science education is a 
priority on the national agenda for revitalizing 
tile productive capacity of young people and 
tile nation as i whole. Concerned citizens of 
tile United States have begun to speak out, 
botii hcsSfy *4id nationally, on the inqx>rtance 
of reappraising and redirecting science educa- 
tion. They have articulated their concerns in a 
flood of national and state committee, panel, 
commission, and conference reports. The 
thrust of these reports is this: new social per- 
spectives and a better selection of subject mat 
ter are essential if science education is to meet 
its cultural obligations. 

EKlC 



A New Vision of Science 
Education 

In recent years the growing impact of science 
and technology on societal and individual af- 
fairs has made both the goals and the subject 
matter of science teaching obsolete. The pub- 
lic now seeks a more viable contract between 
schooling and society, one in which science 
education is more closely tied to human af- 
fairs and social progress. 

The past ten years have clearly shown chat 
our nation is entering a new era. No period in 
history has been subject to more rapid change, 
and the tempo continues to increase as ad- 
vances in science and technology change our 
culture, our economy, and our individual lives. 
Along with this change, the nation's perspec- 
Ove regarding the place of science and tech- 
nology in today's society and the work place 
has also shifted. The situation is exacerbated 
by emerging changes in the image, ethos, and 



4 



SOURCEBOOK FOR SCIENCE SUPERVISORS 



culture of science. While these are conditions 
that arose outside the schools, they are condi- 
tions to which schooling must ad^t 

The perceived •'crias" in school science is 
an indictment of educators for their failure to 
re^nd to the cultural changes that beset us. 
The aims of traditional science education, the 
choice of subject matter, the context of the 
curriculum, and modes of instruction are now 
viewed as historically bound and too narrow 
in concept to provide an understanding either 
of modem science and technology or our cul- 
ture. A new >asion of what an education in 
science should mean is demanded. 

Such national reports as The Padeia Proposal 
(1982) and A Nation at Risk (1983) criticize 
the content of present science curricula as 
remote from hunum needs and social benefits, 
reflecting the concern that science is alien and 
separate from individual and public interests. 
This traditional curriculum is seen as produc- 
ing students barely knowledgeable about the 
role of science and technology in their individ- 
ual lives and in the progress of society. Our 
task as science supervisors is to evohre a com- 
prehenshre reconceptualization and reoi^gani- 
zatk>n of school science that translates into 
and helps develop human aq)acities for deal- 
ing with the realities of change, lifelong learn- 
in.?, and civic respon»bility. This requires a 
curriculum based on interrelationships be- 
tween hunuui beings, nat**ral phenomena, 
advancements in science and technology, and 
the quality of life. 

The New Face of Science 

The first step in planning a reform of school 
science is to examine the nature of the multi- 
dimensional changes in science, technology, 
and society that generated the perceived cri- 
sis in science teaching. We begin by exploring 
the culture and image of modem science. Sci- 
ence and technology are no longer regarded 
as distinct enterprises: they operate as an inte- 
grated systent The ''intelligent" instruments 
♦hat engineers develop make it possible for 
scientists to ask new and more penetrating 




questions of nature, questions that were previ- 
ously unanswerable because of the lack of 
appropriate technology. For example, the re- 
cent invention of the scanning tunneling mi- 
croscope allows cells to be observed at the 
atomic level and reveals how atoms are bonded. 
At present, it is our best hope for discovering 
why a cell becomes cancerous. The time may 
not be long in coming before we have a new 
science of atomic biology. 

Modem science has changed ui other ways. 
No longer is it possible to generalize any one 
investigative procedure as the "scientific 
method." Research methods in ecology, high 
eneigy physics, laser chemistry, seismology, 
and human behavior have little in conunon 
with each other, except the entliusiasm and 
dedication of the researchers. In addition, most 
research today is done by a team: team man- 
agers, researchers, technicians, and facility 
tors work together, each praWding different 
perspectives on a problem. Their success de- 
pends as much on such social qualities as the 
ability to conununicate and cooperate as it does 
on the science background of each investiga- 
tor. 

Scientific research today is increasingly ori- 
ented toward problems of human and national 
welfare rather than focused specifically on 
advancing a scientific discipline. Thomas Kuhn, 
the eminent philosopher of science, notes that 
today both progress ui science and the shap- 
ing of new fields result as much from social, 
economic, and institutional forces as they do 
from reason and observation. Science both 
stimulates and reflects the course of social 
and econoniic development This view of the 
image and process of science has not been ex- 
pressed in previous curriculiun reforms. School 
science courses have traditionally been divided 
along the lines of biology, chemistry, physics, 
and earth science, each modeled after parent 
research disciplines characteristic of the early 
nineteenth century. During the 1960s, the sci- 
ence education reform movement treated each 
science subject as a wholly autonomous disci- 
pline, limited to its own concerns and r^arch 
interests. 
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Science disciplines have since been fraction- 
ated to the extent that it now takes nearly 
70,000 journals to rq)oit the results of research 
In the dh^erse fields of science and technol- 
ogjr: aD are necessary to niake it possible for 
individual researchers to communicate with 
tiieir equally isolated cohorts. 

Not oufy have biok>gy» chemistiy» physics* 
and eardi science been fractk>nated» they have 
also been hybridized into new sciences such 
- as btochemistiy, bk>phy^cs, molecular biol- 
ogy, geobiochemistry» biotechnok>gy» and 
many more. Today, distinctions between one 
scientific effort and another are identified by 
die problem being researched, for example* 
cognition, monoclonal antibodies* nuclear 
quarks* fiber optk»* thin films, laser suigery* 
(H* protein structure. To study each of these 
topics, many of what used to be discrete disd- 
idines are nielded in the research effort School 
science courses* however* continue to be or- 
ganized into discrete discq[>lines that no longer 
have meaning in modem science. What we 
seek is a science curriculum framework that 
integrates the separate science disciplines and 
their interconnections with human affairs. 

The New Face of Technology 

One of the most frequent recommendations 
made in the national reports is that technol- 
ogy concepts and reasoning iNt>cesses be inte- 
grated into the science curriculum if science 
education is to meet the needs of our society. 
Modem technology is recognized as a socio- 
technical svstem tfiat enables people to ex- 
tend their adiq>live capacities botfi qualitatively 
and quantitathrely. It is the process by which 
information from science* engineering* and the 
social fields is used to change our environ- 
ment or some aspect of human existence. The 
tfiinking processes typk^al of technological 
problems closely parallel those that indhddu- 
als use to soh^ personal and social problems 
occurring in ev^yday life. 

As a teaching goal* scientific and technologi- 
cal literacy translates into the ability of a stu- 
dent to interpret scientific achievements and 
O 
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deficiendes in terms of the human and social 
forces that generate and sustain them. Stu- 
dents who are not literate in terms of the inter- 
action of science* technology* and society will 
be isolated within the society that surrounds 
them. Typically* curriculum reformers of the 
1960s pui^Efed from science textbooks aU refer- 
ence to technology as irrelevant to scientific 
endeavors and thus separated the subject mat- 
ter from the a£Eairs of the individual. 

When science and technology are related to 
social and hunum welfare* issues of values and 
ethks arise: science and technology are never 
value-free nor ethically neutral either for sci- 
entists or dtizens. A serious critidsm of sd- 
ence teaching today is that students complete 
courses with a paudty of those value and ethi- 
cal concepts essential for responsible decision 
making and for providing positive directions 
for learning and living. But teaching students 
a particular set of values is not the objective; 
instead, we must give studoits the opportu- 
nity to integrate knowledge of science and tech- 
nology into the making of informed jt dgments. 

In tradrtional science currknda, vahic s* if dealt 
with at all* are internal to sdentific (f isdplines 
emphasizing intellectud honesty* xiority in 
recognition for a discovery* and die impor- 
tance of peer judgments. In the current re- 
form movement, value considerations are ex- 
ternal to the disdpline as they relate to thoi 
individual and social pursuits with a base in 
sdence or technology. 

A major criticism of the subject matter found 
in most sdence courses is that it has litde 
meaning for life outside of school. The new 
goal is to make it possible for students to per- 
ceive school learning and life v^xperience as 
parts of a continuum. Hopefiilly* woen students 
ask: "^at good is all of this to me?** they will 
now get a :nore sensible response than: Tou 
will need co know this in the next grade* or in 
college." 

Teaching Students to Think 

is desired is a curriculum affording 
students more opportunities to identify with 

15 
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the subject matter by aq[)loriiig problems, proc- 
essing information, formulating options, and 
making informed judgments on individual and 
real-world concerns. Students are expected to 
go beyond technical knowledge and isolated 
Akcts and consider the relationships of human 
^]cperience and the purposes and values 
therein, the social, economic, politkal, and 
humanistic variables. The over-all purpose is 
to have students take a more active role in 
learning, in contrast to the passive learning 
and memorization that characterizes £ar too 
many traditional science classes. 

A mdjor criticism of schooling at all levels is 
that students do not learn to reason and think 
critically. A problenhoriented societal context 
for science courses provides the framework 
essential for the devetopment of such intellec- 
tual skills as problem sohdng, decision mak- 
ing, and the synthesis of knowledge. These 
are among the intellectual skills required for 
effective participation in an "information age"— 
ihe age we are now entering. Today, through- 
out the entire worid, the common economic 
denominator is knowledge. This is the first 
era in all of history in which knowledge ranks 
above natural resources or industrial products 
as a nation's chief economic resource. Knowl- 
edge and its utilization is now the measure of 
any country's competitive position in the world 
market The same condition is true for the 
individual: A student's ability to enter and ad- 
vance in the new labor maricet increasingly 
depends upon his or her ability to acquire, 
process, ( onUiK riicate, and apply information. 

Over The r-^^ twc^^v years, science courses 
have >n?<:ti\ e ^ !ents' acquisition of in- 
tellectual skiliS c so. vhI to be those charac- 
terfetv: of the .4cttr> * :.;' search for new knowl- 
edge. IVh'^ . it i . important for students to 
undei ^tai^ :ow new knowledge is discovered 
tim.agh . iquiry, they must also know how to 
make optinrial use of ^hat they have learned: 
knowing, alone, is not sufficient A nuuor dis- 
tinction between the science reform movement 

the 1960s and 1970s and its current phase is 
tne emphasis upon knowledge utilization. In 
order to use information effectively, students 



must acquire a range of intellectual concepts 
that include those of risk, optimization, proba- 
bility, tradeK)£Es, variables, decision making, 
dwersity, problem solving, iq)|HX>ximatk>n, com- 
promise, maximizing, and heuristics. These 
critical thinking skills are not likely to be ac- 
quired unless the science curriculum contains 
problems, case studies, or issues which em- 
ploy these concepts. 

Toward a New Science 
Curriculum 

ence courses have traditionally focused on 
the past only in terms of what scientists have 
learned, and there they stop. Today's techno- 
logical society requires that citizens k>ok fo^ 
ward. We need a curriculum that integrates 
time and events that consider the studenf s 
life today and tomorrow. The curricuhmi shouM 
develop an awareness on the part of the stu* 
dent that both life and knowledge represent a 
continuum, ongoing processes that create the 
future from the present As students deal with 
problems of their environment, nuclear eneigy, 
health, and artificial intelligence, they are ex- 
ploring their own lives: they are botii part of 
the problem and part of tiie solution. TSe 
future is a product of the decisions we make 
today, as is the adaptive ayiacity of the indi- 
vidual. A fiiture-oriented curriculum is not for 
the purpose of predicting the future, but of 
shaping it 

A sizable portion of kiboratory work would 
be centered on science/technology-based in- 
dhadual and social problems for which stu- 
dents need to locate, assemble, and oiganize 
information, and form a logical inteipretation 
of its meaning. The most desirable problems 
for investigation are those in which students 
have a stake in the outcome, such as nutrition, 
chemical safety, space exploration, human eco- 
systems, drugs, population growtfi, safety, the 
quality of and others. From this perspec- 
tive, laboratory problems conclude with a pro- 
posed action toward what should be done to 
change, improve, correct, prevent, or better 
plan. 
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A question frequently raised is whether the 
proposed changes in science education are 
intended for all students or only for the col- 
lege-bound. The answer the education of aU 
students^ without exception, must incorporate 
a science curricuhim designed for life and citi- 
zenshq) in a democracy strongly influenced 
by achievements in science and technology. 
Differences in the cultural backgrounds of stu- 
dents, in learning st^es, and in intellectual 
ability are to be accommodated in the instruc- 
tional process and not by the curriculum. 

In the 1960s science curricula were frequently 
modified by adding minicourses on assorted 



topics to accofnmodate the so<:alled ''special 
student" The present view is that there should 
be a core or common curriculum in science 
for all students and required at every grade 
level from kindergarten through at least grade 
ten. No students are to be deprived of the op- 
portunity to know their own culture and to 
learn what human enterprise can accomplish. 

What I have sought to identify in this essay 
is sometiimg of the thrust and flavor of the 
proposed reform of science education in the 
United States, a reform projected to carry both 
the individual and the nation forward as we 
enter a new era. 
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he role and function of science supervisors 
in the 1990s will be shsq)ed in significant ways 
by several of the events and trends that have 
dominated education during this decade. The 
series of reports produced in the last 10 years 
by special conunissions, professional associa- 
tions, public and private agencies, and other 
special interest groups heightened public con- 
cern for quality education. This concern, which 
reached its BpcK in 1983-84, is still strong, and 
has spawned a second generation of reports. 
The changing demographics of public schools 
win also significantly influence the way in which 
science supervisors go about their duties. The 
changing profile of personnel available to teach 
our young people and the changing population 
in our classrooms will greatly challenge our 
ingenuity and imaginations. 

A number of changes in our demographics 
and in our satiety's needs make predicting the 
future a risky business. Several trends s' ^- 
gest modifications in public schooling that the 
successful science supenrisor will have to 
address. 



Impact of the Reform 
Movement 

T[ he first round of the current reform move- 
ment focused primarily on the perceived defi- 
ciencies of public secondary schools in Amer- 
ica and recommended fundamental changes 
in curriculum, course requirements, and gradu- 
ation standards, all of which were linked to 
improving America's competitive position in a 
global economy. State and local boards of edu- 
cation, responsible for directing and monitor- 
ing public schooling, cooperated to establish 
significantly higher expectations for schools 
and the students who attend them. Moreover, 
in cooperation with (and sometimes stimulated 
by) state legislators, governors, and local fis- 
cal authorities, a substantial increase in re- 
sources was provided to support those higher 
expectations. 

In addition, the initiatives stimulated by such 
early reports as the National Conrniission's 
report, A Nation at Risk (1983); Education 
Conmiission of the States' Action for Excel- 
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lence (1983); Boxer's Carnegie-sponsored re- 
port on secondary education in America 
entitied High School (1983); Goodlad's exten- 
sive research in A Place Called School (1984); 
and dozens of other major efforts focused pri- 
marily on public schools, these were followed 
by a second round of studies tai^geting a wider 
range of institutions and agencies associated 
with public education. The most comprehen- 
sive of this second group is probably Time for 
Results: The Governors' 1991 Report on Educa- 
tion (1986). While it provides reconmienda- 
tions across seven broad areas, at least two of 
the task forces made reconunendations which 
could significantly alter the role of the science 
supendsor in the 1990s. 

Reports prepared by the Carnegie-sponsored 
Task Force on Teaching as a Profession, A 
Nation Prepared' Teachers for the 21st Century 
(1986) and Tomorrow's Teachers, produced by 
the Holmes Group (1986), a coalition of teacher 
education deans representing approximately 
75 percent of the nation's leading research 
universities, will also affect the role of the sci- 
ence supervisor and redefine the skills needed 
for success in the 1990s. 

While A Nation Prepared, like many of the 
earlier reports, acknowledges serious short- 
ages of personnel in critical areas, including 
science, the Governors' Report makes several 
suggestions for dealing with these shortages, 
including significantly changing the way teach- 
ers are prepared, utilizing personnel from 
business and industry to assist in areas of 
shortage, and modifying school governance 
systems to accord teachers a more significant 
decision-making role in curriculum and other 
areas that affect the classroom environment 

Demographic Impacts 

When we add the significant demographic 
realities affecting the nation's schools firom now 
through the year 2000 to the debate regarding 
the fundamental purposes of schooling and 
the governance of schools, we define an envi- 
ronment that chaUenges the imaginations of 
even the most adaptable. 



What are those demographics which will af- 
fect science programs and thus require the 
attention of the science supervisors? First, 
there is an estimated 25 percent shortage of 
personnel to staff current programs. Secondly, 
a projected 50 percent of all currently employed 
science teachers will be lost through retire- 
ment, disillusionment, better opportunities, or 
otiier reasons by 1995. Thirdly, current reports 
(for example. Time for Results, 1986; Williams, 
1987) indicate that science course enrollments 
of secondary students have increased by nearly 
a third, the result o^ higher graduation require- 
ments and/or higher collegiate admission stan- 
dards. How serious are these problems? What 
is being done? Unfortunately, not enough, and 
for several reasons. The impact of the conver- 
gence of these phenomena has been masked 
by at least four of^tting factors: 

• a slight upturn in students completing 
teacher certification programs 

• considerable soiiening of the certification 
requu^ments in a number of states, providing 
access to the teaching profession by graduates 
in science fields where other positions are not 
readily available (mostly biology and geology) 

• some cooperation between business and 
industry to provide instruction in critical but 
understaffed areas (primarily physics) 

• a decline in tiie total enrollment of secon- 
dary students nationwide from approximately 
4 million in 1982 to 3 million in 1988 

As a result, the number of science teachers 
actually required in 1988 for many schools is 
less than the number required two or three 
years ago, despite the number of teachers 
leaving the profession. As a consequence, the 
conditions provide a reprieve for planning 
strategies to prevent a major staffing crisis. 
Unfortunately, tiiere is litfle evidence tiiat much 
is now being done to avoid that crisis. 

Who Has Control? 

The push and j^mII for control of the direction 
and substance of public education will con- 
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tillue to affect the woric of science supendsors. 
While die enormous influence of the federal 
government in shaping curriculum and train* 
ing teachers has di^pated, state school boards 
and state departments of education, stimulated 
by sometimes over-zealous legislators and gov- 
ernors, dramatically influence curriculum and 
delivery systems through the imposition of 
accountability procedures. These procedures 
have the e^qntissed purpose of improving the 
quality of education. To date, the results of 
tiiese efforts have not always fiilfiQed their in- 
tentions. The inherent difficulty in legislating 
quality has nullified efforts to effectively regu- 
late school improvement This means that 
science supendsors will need to take a more 
acthre role in focusing and directing the teach- 
ing of science. Supervisors must work with 
ttieir state departments of education to develop 
monitoring and evaluation instruments to 
measure the school improvement In states 
where school districts design their own sys- 
tems for measuring effectiveness (usually with 
the approval of state agencies), supervisors 
will need to know how to develop evaluation 
systems which correlate local instructional 
programming with state-mandated instruc- 
ttonal outcomes. Curriculum alignment with 
accountability measures will be essential for 
continued public support The danger of stress 
on accountability, one that supervisors must 
gu ard carefully, is that measurement tools must 
be based on content and process instruction, 
not the reverse. 

Impact of Testing 

ericans are preoccupied with the Dow- 
Jones," said Michael Kirst, Professor of Policy 
Studies at Stanford University, when explain- 
ing the emphasis placed on test results as an 
indicator of school quality. For better or worse, 
indhidual schools and school systems are 
compared according to SAT scores, number of 
merit finalists, percentages of students going 
on to college, comprehensive scores on 
achievement test batteries, and a host of other 
numerical indicators. Rarely is there public ac- 



knowledgement or even consideration of 
equally inq)ortant ability/achievement compari- 
sons or indicators of success: Data regarding 
students graduating with certified work skills, 
positive self<:oncepts, predispositions to life- 
long learning, and otiier criterion-referenced 
indicators tend to receive short shrift in the 
metric of quality. 

Thus, the challenges &cing the supervisor 
of science include: 

• the pragmatic problem of assessing curricu- 
lum alignment, ensuring that program evalu- 
ation matches curriculum purpose and con- 
tent 

• a problem of political importance: how to 
achieve good test scores without compromis- 
ing the development of those goals not being 
measured 

• the challenge of designing instructional 
programs appropriate to the needs of an in- 
creasingly diverse student body, needs which 
may not be considered in accountability in- 
struments developed by external groups 

Impact of the Effective 
Schools Research 

Over the past five years, educators have been 
inundated with research findings advocating 
implementation of strategies generally believed 
to improve schools. Two fundamental assump- 
tions underlying the effective schools move- 
ment should give pause to science supervi- 
sors. The first is that effective schools are 
defined as those in which students score well 
on standardized achievement tests. The sec- 
ond assumption is that identified correlates 
are causal. While the movement has been in- 
fluential in renewing the faith that schools can 
and do make a difference in student success, 
much of the research simply reinforces what 
we have known intuitively about the conditions 
and practices underlying effective schooling. 

Science supervisors will need to review this 
research and determine ways in which it can 
be helpful to science teachers. Special atten- 
tion should be paid to the fundamental differ- 



rim 



SOURCEBOOK FOR SCIENCE SUPERVISORS 



ences between effective school 24>pFoaches that 
are top^own efforts with prescribed goals and 
processes, and the more recent calls for site- 
based initiathres. Obviously, the role of the 
science supervisor will vary dnunatically ac- 
cording to the ^proach taken in the school 
district In either case, the supervisor will have 
to sharpen his or her skills in group process 
and facilitation, in addition to the planning and 
evaluation skills appropriate to designing new 
programs. Teachers in all programs will be 
expected to develop strategies designed to 
meet school system or school building goals 
not traditionally ^ewed as subject area con- 
cerns. Improving school climate, writing across 
the curriculum, and helping develop students' 
self-concepts are all examples of activities sci- 
ence teachers might be asked to integrate into 
their instructional programs. 

Systems Versus Schools 

In most school systems large enough to 
employ subject matter supervisors, there is 
growing pressure to centralize tiie decisions 
affecting programs. The forces driving cen- 
tralized decision making include: 

• concerns about equity and consistency 
across schools (horizontal 

• concerns about articulation between levels 
of schools (vertical) 

• need for central reporting to respond to m- 
creased demands for information from state 
and other data collecting agencies 

• perceived economy of scale and efficiency 
considerations 

Private sector business reports (Peters & 
Watermann, 1983) and education writers 
(Goodlad, 1984, for example) aigue that effec- 
tiveness and excellence are more likely to oc- 
cur if priorities and implementation decisions 
are reached at the plant or site level. As school 
districts examine the advantages and disad- 
vantages of centralized versus decentralized 
decision making, tiiey will likely arrive at some 
hybrid numagement stjie attempting to mcor- 



porate tiie benefits of both. Whatever that struc- 
ture may be, it will require tiie redefinition of 
relationships between and among supervisors 
and builduig level administrators. These shifts 
may well bring revisions in the way supervi- 
sors influence budget and personnel decisions 
as well. Supervisors must review that litera- 
ture and be familiar with the concepts underiy- 
ing tiie movement toward site-based program 
management 

Usinq the Education Research 
Findings 

The processes of teaching and learning have 
been closely examined over the past 10 years. 
Much more needs to be done, especially witii 
regard to tiiose processes commonly employed 
by science teachers. 

One barrier to the use of the new research is 
tiie continuing inability of tiie American public 
generally and educators specifically to agree 
upon the mission and purpose of schooling. 
One consequence is that easily measurable 
outcomes (e.g., test scores) have emeiged as 
the predominant evaluation strategy, while 
concept development and process skills, so 
important to the science program (but more 
difficult to measure), have received less atten- 
tion than in earlier years. 

Many of tiie structured teaching models re- 
ceiving attention across die country (TESA, 
Hunter, Mastery Learning, etc.) are designed 
for a classroom environment ui which a fairly 
standard lesson design approach, ratiier than 
inquiry or hypothesis generating activities, is 
assumed. It is not tiiat tiiese models cannot 
accommodate these latter approaches (the 
proponents have been carefiil to pouit out the 
acUustments necessary when applied to unique 
instructional settings); ratiier, tiie problem lies 
in the mappropriate use of evaluation tech- 
niques based upon uicomplete understanding 
of the models and their robustness. 

Science supervisors should expand tiieir 
knowledge of contemporary research in teach- 
ing and learning and make sure that tiiose 
responsible for evaluating personnel and pro- 
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grams in science make 2q)propriate adjustments 
to evaluation systems associated with the new 
teaching models. 

Evaluation and Supervision 

I^rhaps the most significant changes in the 
role of science supervisors will result from 
mqjor changes in tfie process of supervision 
and evaluation at the local school district level. 

Partly as a result of the pressure to enhance 
teaching as a profession, much attention has 
been given to merit and career ladder plans 
deigned to differentiate pay on the basis of 
performance. This focus on rewarding compe- 
tence has reversed a twenty-year trend in su- 
pervision and evaluation that seemed to focus 
on documenting incompetence. In the process 
of examining alternative compensation ap- 
IHX>aches, the emphasis has shifted from su- 
pervision for the purpose of personnel deci- 
sions (documentation) to supervision for the 
purpose of improving instruction. Moreover, 
there is clear evidence that the practice of 
supervision for instructional improvement is 
rq>idly moving from rhetoric to reality. 

While concerns remain about the need to 
remove incompetent teachers from the class- 
rooms, those actions are viewed as exceptional 
rather than focal to the supervisory process. 
Increasingly, competence is assumed, and with 
it comes the assumption that most teachers 
believe they can and want to teach better. Job 
targets, clinical supervision procedures, per- 
sonalized professional development plans, 
nuyor expenditures for staff development, and 
peer evaluation systems are tools used fre- 
quently today. 

Supervisors must develop the skills neces- 
sary to participate in these processes in their 
role as resource personnel or instructional 
q)ecialists for the school district At the same 
time, supervisors need to be prepared to serve 
on remedial assistance teams designed to pro- 
vide intenswe supervision and assistance to 
teachers identified as operating at minimal 
levels. Spedsl expertise in diagnosis and pre- 
scription relating to instructional effectiveness 
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will be even more unportant than in the past. 
Planning and conducting workshops that over- 
come content deficiencies as they aid instruc- 
tional technique will also challenge the super- 
visor in the 1990s. 

The skills required of science supervisors in 
the 1990s will be determined in large measure 
by the same issues that currently affect the 
environment, focus, and operation of Amer- 
ica's schools. 

The successful science supervisor in the 
1990s will need to remain flexible and alert to 
the sensitive environment within which we 
work. Among those skills most critical to pro- 
fessional survival in the coming decade will 
he: 

• the ability to recruit and retain high quality 
teachers 

• the ability to work with teachers in both a 
collegial and supervisory relationship 

• the skills to work with teachers as they be- 
come much more invoWed in shapmg the envi- 
ronments in which they operate 

• the knowledge and skills to design and con- 
duct staff development programs for teachers 
with inadequate or outdated preparation 

• the knowledge and skills necessary to ap- 
propriately adapt science curriculum for ''at- 
risk" or low-ability students with nominal 
interest in science 

• the skills and knowledge required to work 
with and apply the new technologies (satel- 
lites, laser disks, computer modeling, etc.) to 
enhance student learning 

• the knowledge to provide specialized con- 
tent information 

• the knowledge and skills required to review 
and align local curriculum widi standardized 
tests used to evaluate school programs 

• the ability to review and select information 
relevant and appropriate to local school initia- 
tives from the effective schools literature and 
other research 
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• the ability to work with teachers and admin- 
istrators at the building level to address spe- 
cific needs arising out of sitebased priority 
setting activities 

• the political skills necessary to affect state 
wide curriculum development and monitoring 
systems 

• the ability to recognize the changing role 
expectations of supervisors in new systems of 
teacher supervision and appraisal 



With these skills the science supervisor in 
the 1990s should be in a position to continue 
to provide the strong leadership necessary to 
achieve the goal outlined by the National Sci- 
ence Board Conmiission (1983) to make...'' this 
country's elementaiy and secondary mathe^ 
matics, science and technology education, the 
world's finest by 1995 ... without sacrificing 
the American birthright of personal choice, 
equity and opportunity." 
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the dropping of the atomic bomb on 
Hiroshima on August 6, 1945, America dra- 
matically established its global scientific and 
technological supremacy. Science and tech- 
nology suddenly became perceived as major 
forces in the international balance of power, in 
our daily lives, and as a threat to human sur- 
vival—all developments for which we as a 
nation were ilHirepared. 

In 1950, as an attempt to accommodate the 
new centrality of science and technology to 
our national goals, the National Science Foun- 
dation (NSF) was created as an independent 
government agency. While its rn^or purpose 
was to provide direction and financial support 
for scientific research, science education was 
included as a directorate, underscoring the 
prevailing attitude toward the interrelationships 
of science education and the production of fii- 
ture scientists^ engineers, and an informed citi- 
zenry. 

In the mid-1950s, existing school science 
I»iOgrams came under strong criticism from 
the scientific community: many felt that text- 
books still focused on old science and technol- 
ogy; that many textbook authors were poorly 



qualified; and that students were learning in- 
accurate and out-of-date information. Jerrold 
Zacharias, a physicist at the Massachusetts 
Institute of Technology, led the calls for re- 
form. In 1952 he convened the Physical Sci- 
ences Study Committee (PSSC), which de- 
scribed and outlined a new high school phys- 
ics program. 

The Soviet Union's exploits in space in 1957 
suddenly focused public attention on science 
education. The launching of the Soviet Sput- 
nik spurred n;ajor federal efforts to improve 
and to redirect science education. Threatened 
with the loss of scientific and technological su- 
periority, the federal government significantly 
increased NSF funding for science education; 
the National Defense Education Act (NDE^, 
passed between 1958 and 1961, provided un- 
precedented funds for improving school sci- 
ence. 

Funds were now available for curriculum 
development The first in a long series of na- 
tional projects was Zacharias' PSSC course, 
followed by courses in chemistry (Chem Study 
and CBA), biology (three BSCS versions), and 
earth science (ESCP). Later, programs for the 
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elementaiy school (SAPA, SCIS, ESS, COPES, 
and others) and the middle/junior high school 
aSCS, IPS. HSP and others) were funded. 
During a twoKlecade period, about a half-bil- 
lion dollars was spent in the development of 
new materials for use in schools. 

Science teacher improvement, especially in 
terms of increasing their subject matter com- 
petence, was a target for funding as well. The 
various institute programs proved extremely 
popular, since they recognized the importance 
of science teachuig, provided for the costs of 
instruction, and, in many instances, provided 
further support via stipends and dependency 
allowances. In all, another half-billion dollars 
was spent for teacher education activities after 
^utnik. 

The NDEA funds were used to provide new 
instnictional materials, local curriculum revi- 
sion, and course development in K-12 schools. 
This funding also stimulated a broader view of 
school science, created awareness that science 
is an expensive undertaking, and encouraged 
partnerships with state officials and local lead- 
ers. The NDEA funding for science equaled 
that provided by NSF. With funding from 
schools, state agencies, and private corpora- 
tions matched or supplemented NSF and 
NDEA initiatives,well over a billion dollars was 
spent on science education from 1957-77. 

With inflation and the current extent of fund- 
ing from a variety of sources, a billion-dollar 
figure does not seem extreme today; yet sup- 
port at this level represented a m^or depar- 
ture from traditional public education funding 
at the time. It was enough for many to refer to 
the late 1950s, th^ 1960s, and the early 1970s 
as a Golden Age for science education in this 
country. 

But the 1970s brought new national concerns. 
The challenges of the 1960s followed the con- 
fidence and complacency of the 1950s, and 
brought about new successes in the space age. 
President Kennedy's goal of "putting a man on 
the moon and returning him safely to Earth" 
was realized. There were now new social con- 
cerns: U.S. invohrement in Vietnam generated 
general disillusionment with many social insti- 



tutions. The schools— perhaps for the first time 
in our national history — were not a source to 
which we could turn for solutions, but were 
perceived as a part of the problem itself. The 
funding and general support for education — 
including science education— was called into 
question. Many of the curriculum develop- 
ments of the early 1970s came under attack, 
some charging that they were removed from 
1>asic'' science. Had the funding really led to 
improvement^ Could the support for improved 
science materials and competent teachers 
actually have been misguided? 

The criticism peaked in 1976 when all cur- 
riculum projects supported by federal funds 
were temporarily halted for examination and 
review. M funds supporting teacher educa- 
tion activities were suspended amidst chaiiges 
that there had been no substantial improve- 
ment in science classrooms and teaching strate- 
gies. By 1976, public support for science edu- 
cation had dramatically shifted. Funds for 
special science education projects and class- 
room equipment and supplies began to 
disappear. Il was announced that the Third 
Assessment of Science by the National Assess- 
ment of Educational Progress (NAEP) would 
be the last ihere was greater interest in baac 
skills, including reading and mathematics; 
science was not considered basic and there 
was little support for further attempts to im- 
prove materials, curricula, and teachers. 

The total NSF budget, including that for sci- 
ence education, did not decline in 1976. How- 
ever, the funds that might earlier have sup- 
ported school science were redirected to other 
levels, especially toward research aid college 
science programs. 

Three large status studies were funded in an 
attempt to answer the basic questions asked 
by political and educational leaders concern- 
ing the two decades of national support for 
science education. One of these studies was a 
review of all science education research be- 
tween 1954 and 1975 (Helgeson. Blosser, and 
Howe, 1977). A second was a manunoth demo- 
graphic study to assess enrollments, offerings, 
teachers, instructional materials, and other 
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information that could be discerned via ques- 
tionrwes for teachers, supendsors, adminis- 
trators, state officials, and members of the 
public (Weiss, 1978). A third was a series of 
case studies by ethnographers (Stake and 
Easley, 1978). When the studies were com- 
pleted in 1978, nearly three thousand pages of 
information were available — abnost too much 
to be meanuigfiil to the public or educational 
leaders. NSF funded nine professional organi- 
zations to read the status reports and to pro- 
vide sununary information for their members 
(NSF, 1979). 

The Third Assessment of Science by NAEP 
became available to the public in 1978 as well. 
These data added another dimension: student 
achievement in and attitude toward science. 
This Third Assessment included an extensive 
series of affective items for the first time in the 
history of NAEP. The NSF-sponsored Project 
Synthesis then linked the NAEP information 
and the preliminary reports of the three NSF 
Status Studies. 

The results of Project Synthesis were re- 
ported by the National Science Teachers As- 
sociation (NoTA) in 1981 (Harms and Yager, 
1981). Basic to the synthesis effort were four 
goal clusters developed by an expert panel. 
These goal clusters have since been widely 
used to extend thinkmg about programs and 
teaching beyond a single dimension — that 
related to the fundamental knowledge that 
traditionally governs science content and its 
organization. The four goal clusters from Proj- 
ect Synthesis are: 

Goal Chister I: 

Science for Meeting Personal Needs. Science 
education should prepare individuals to use 
science for improving their own lives and for 
coping with an increasingly technological 
world. 

Goal Cluster II: 

Science for Resolving Societal Problems. Sci- 
ence education should produce informed citi- 
zens prepared to deal responsibly with science- 
related societal issues. 
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Goal Cluster III: 

Science for Career Awareness, Science educa- 
tion should give all students an awareness of 
the nature and scope of a wide variety of sci- 
ence and technology-related careers open to 
students of varying aptitudes and interests. 

Goal Ouster IV: 

Science as Preparation for Further Study, Sci- 
ence education should allow students who are 
likely to pursue science academically as well 
as professionally to acquire the academic 
knowledge appropriate for their needs. 

As Project Syiithesis was in progress, NSTA 
presented its position paper, ''Science-Tech- 
nology-Society: Science Education for the 
19805" (1982), which pointed to a new direc- 
tion: 

The goal of science education during the 1980s 
is to develop scientifically literate individuals 
who understand how science, technology, and 
society influence one another and who are able 
to use this knowledge in their everyday decision- 
making. Such individuals both appreciate the 
value of science and technology in society and 
understand their limitations. 

The paper continued with a description of 
the competencies for «vhich a K-12 science 
program should aim. An ideal science program 
will produce graduates who: 

• use science concepts, process skills, and 
values in making responsible everyday deci- 
sions; 

• understand how society influences science 
and technology as well as how science and 
technology influence society; 

• understand that society controls science and 
technology through the allocation of resources; 

• recognize the limitations as well as the use- 
fulness of science and technology of advanc- 
ing human welfare; 

• know the n^jor concepts, hypotheses, and 
theories of science and are able to use them; 

• appreciate science and technology for the 
intellectual stimulus tliey provide; 
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• understand that the generation of scientific 
knowledge depends upon the inquiry process 
and upon conceptual dieories; 

• distinguish between scientific evidence and 
personal opinion; 

• recognize the origin of science and under- 
stand that scientific knowledge is tentative, 
and subject to change as evidence accumu- 
lates; 

• understand the applications of technology 
and the decisions entailed in the use of tech- 
nology; 

• have sufficient knowledge and experience 
to appreciate the worthiness of research and 
technological development; 

• have a richer and more exciting view of the 
world as the result of science education; and 

• know reliable sources of scientific and tech- 
nological information and use these sources in 
the process of decision making. 

The lengthy reassessment of priorities and 
programs which began in 1976 resulted in a 
major document to President Carter (NSF, 
1980). The report called for specific correc- 
tives for continued support at the national level. 
However, the report was completed in the 
midst of the presidential election which re- 
sulted in President Carter's defeat President 
Reagan dismissed the NSF-Department of 
Education report and announced that a per- 
ceived crisis in science education did not ex- 
ist He attempted t ^ eliminate the science 
education diiectorate at NSF and to reduce 
the power and influence of Department of 
Education. He succeeded in reducing science 
education at NSF to support for college faculty 
improvement and graduate student fellowships 
in the basic sciences. 

The National Science Board (the governing 
board for NSF) appointed a Conmiission on 
Pfecollege Education in M lematics, Science, 
and Tjechnology. The 20-member conmiission 
was reminiscent of the early 1970s when the 
public was called to judge the previous NSF 
initiatives in terms of curricular efforts and 
teacher education activities. This Conmiission 



was given a $700,000 budget and 18 n -onths to 
study science education in the United States 
and report on the appropriate federal role in its 
improvanent The committee's report, Edih 
eating Americans for ike 21st Century, (NSF, 
1983) was aimed at the American people as 
well as the National Science Board, and was at 
once heralded as a blueprint for action: It called 
for the e3q)enditure of over one and a half 
billion dollars for 1984-^. The report included 
recommendations fix>m Project Synthesis, and 
included model programs from the Search for 
Excellence in Science Education (SESE), an 
ongoing NSTA project designed to highlight 
exemplaiy science education progi^ams around 
the nation. 

The Science Education Directorate has been 
revitalized, a new director ^pointed, new op 
ganization approved, and a growing imfes- 
sional staff is at work. A budget of nearly $140 
million has been used to support programs 
designed to enhance science teaching, to pro- 
duce model materials, and to study the impact 
of such efforts. 

Other societal forces are at work to improve 
science education. The support for such inh 
provement efforts is greater than it has ever 
been in the past Recent polls (Yankelovich, 
1984; Yager, 1985; Yager and Fenick, 1986; 
Yager and Yager, 1985) iDustrate the chaL 
in public support CTOvemors' conferences are 
considering science education and proposing 
correcth^es at the state level as never before. 
Industry is also playing a greater role than in 
the past, proposing and funding correctives. 
And private foundations have recently fonded 
more science education projects than they ever 
have previously. 

We are now faced with the task of interpret- 
ing and resohdng the differences with respect 
to the goals and correctives proposed for sci- 
ence education. The problem now most com- 
monly used to justify the need for improved 
science ir schools is the international 
economic imbalance and the seeming su|. pri- 
ority of the Japanese and other industrialized 
nations in the market place. The U.S. is no 
longer unchallenged in the international arena, 
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and many again point to our nattonal schooling 
as the reason. Industry is unhq)py with the 
academic preparation of their new enq>loyees; 
die militaiy wants new recruits to have basic 
education and technological skiUs; the public 
looks to tfw schools to produce graduates who 
win hdp America conq)ete better intemation- 
ally. Sudi immediate concerns ignore the 
breadtii of the goal clusters advanced by the 
AiGiject ^thesis researchers and M to con- 
skier tiie procedures needed to accomplish 
scientific literacy as described by NSTA. 

The basic question is this: Should science 
educators be iMtxludng citizens who denK>n- 
strate a rote mastery of certain infDrmatk>n 
that many believe would make them better 
prepared for industry, the military, vocational 
study, and college |Ht)grams? Tiiere is a basic 
assumption that if more people are forced to 
vend mo!^ time acqumng basic sdence in- 
fmnation icr more years, many national prob- 
lems win disappear. Unfortunately, there is no 
evidence tiiat simply increasing the dose will 
cure our ills. Yet there have been several 
hundred laws passed in the last few years to 
increase such things as timeon-task, tiie num- 
ber of years of science required for gradu- 
ation, and the number of college science 
courses that teachers must complete. We 
continue vdth such assumptions that more is 
better; that scientists are the best judges of 
what science is q)propriate for all; that college 
e3q)eriences and subject matter preparatk>n 
produce more effecthre science teachers: that 
knowledge is a necessary precursor for ex- 
piring and acting; that appropriate measures 
of success are in terms of information/con- 
cept mastery only. 

The NSF seems anxious to find more scien- 
tists who can help with improvements in 
schools. The American Association for the Ad- 
vancement of Science has accepted several 
million dollars from the Carnegie Foundation 
on the premise tiiat leading scientists can and 
should define just what science all persons 
should know. However, it seems clear to nuuiy 
that most current learning in traditional set- 
tings (classrooms b laboiatories) is not leam- 



ing at all. A conunon concern lies with the 
nahre theories that most high school gradu- 
ates have about basic science. Champagne and 
Klopfer (1984), for example, have reported that 
many unwersity physics nuyors (among the 
most successful hig' school graduates and the 
best performers in high school science) still 
hold basic scientific misconceptions and can- 
not relate what they seem to know to real- 
world examples. 

Many are heralding the Science/Technol- 
ogy/Society (S/T/S) efforts as a solution to 
current problems. These efforts are attempts 
to provide structure and meaning to the NSTA 
Position Statement for the 1980s. Rustum Roy, 
the director of a current NSF project, Science 
through Science/Technology/Society, has 
called S/T/S the glue that holds science to- 
gether for most, the soil from which science 
can grow frt)m most, and the dominant trend 
in sdence education for the next decade and 
longer (Roy, 1983, 1985a, and 1985b). To some, 
S/T/S 2q)pears to be a fad, the focus in vogue, 
the latest educational jargon. It may be all three 
if it is used as merely another term for doing 
the same thing in classrooms across the na- 
tion. 

But S/r/S can be a nuyor organizer for 
school science. Reconunendations passed 
unanimously by a task force for the National 
School Board Conunission called for the fol- 
lowing school science structure: 

• K-€. An integrated, hands^n ^proach is 
needed, which focuses on the relationships 
between humans and the total environment 
Problem solving must be empha^^ized, includ- 
ing acquisition and analy^s of data. 

• Grades 7-^. Two primary emphases should 
be made. The first is on human science, in- 
cluding human biology and personal health. 
The second concerns the development of quan- 
titative skills in science. Computer-based ex- 
periences should be used appropriately to assist 
in the development of quantitath^e skills that 
will be needed for more complex, applied 
problem solving in grades 9-10. 

PS 
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• Gniies9-i(?. A two-year sequence, required 
for all students, would address the interrela- 
tionships of science, technology, and society. 
This course emphasizes problem sohing and 
scientific reasoning as applied to real-world 
problems. It integrates knowledge and meth- 
ods from physics, biology, earth science, chem- 
istry, and applied mathematics. The rationale 
for placing this sequence at the 9-10 grade 
level is that the students need to have acquired 
the developmental math and problem-sohdng 
skills prerequisite to the complex kinds of 
problem-sohdng tasks required in this course. 
This is a much higher level kind of course 
than is generally recognized as a "general 
science" course for non-science students. 

• Grades 11-12. One- and two-semester 
courses in physics, biology, chemistry, and 
earth science are provided at this level for 
students who wish to go on to further aca- 
demic study and science-related careers. These 
are not Advanced Placement courses and are 
not meant to replicate college-level courses. 
These courses build upon and assume as pre- 
requisites the skills and knowledge of the 
various science disciplines that students will 
acquire in the Science, Technology, and Soci- 
ety course in grades 9-10. Although grades 1 1 
and 12 were to include the collie preparatory 
courses (those Fensham suggests should be 
in a •Vocational" department [Fensham, 1986]), 
the Task Force recommended an additional 
S/T/S course or courses for the general stu- 
dent not needing discipbne courses for col- 
lie entrance. 

Some have tried to define science and S/T/S 
in more meaningful ways. Science makes more 
sen$e to most (and perhaps is more appropri- 
ate for all) if a definition like George Gaylord 
Simpson's is used. He defines science thus: 

Science is an exploration of the material uni- 
verse in order to seek orderly explanations (gen- 
eralizahle knowledge) of the objects and events 
encountered' but these explanations must be 
testable. (1963, p. 81.) 

Simpson's definition emphasizes the impoi^ 



tance of personal experience — the acts of ex- 
pbiing, explaining, and testing. These acts 
dq)ict sdence as a human enterprise available 
to all as opposed to a few, and available now as 
opposed to later, after mastering a textbook or 
a specialized vocabulary. 

S/T/S begins with the student his or her 
experience base, questions, and curiosities. It 
builds on what is known; it provides experi- 
ences that can be analyzed and used. It offers 
methods for finding the answers to questions, 
devising tests, and explaining phenomena in 
the student's world. In a sense, the knowledge 
gained is derived; it is sought out It is not a 
prerequisite to learning; rather, it is the result 

S/T/S programs often include the following 
features: 

• identification of problem with local interest 
and impact 

• use of local resources (human and mate- 
rial) to locate information that can be used in 
problem resolution 

• active student involvement in seeking infor- 
mation 

• sdence teaching that goes beyond the ckiss 
period, the classroom, a id the school 

• a focus on personal (i.e. student) impact 

• a view that science content is not some* 
thing that exists for student mastery simply 
because it is recorded in print 

• an approach to process skills that will not 
"glamorize" the skSls of practicing scientists 

• a focus on career awareness in science and 
technology 

• an emphasis on citizenship as students at- 
tempt to resolve the issues they have identi- 
fied 

• visibility of science study in both school 
and community 

• encouragement for students to experience 
science 

• a focus on the future and the role science 
will play 
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will the 1990s bring in science educa- 
tion? Win those who zrgae that scientists can 
and should define the £qq>ropriate general sci- 
ence education content prevail? Will those who 
argue that standard achievement measures do 
identify the n^jor outcomes firom a science 
course for all people succeed? Will those who 
aigue that basic science is the information 



recorded in textbooks win the argument^ Will 
we proceed with measuring the mastery of 
specific concepts? VTiU we ignore the need to 
help students to act, to use knowledge, to make 
well-informed decisions? Much will depend 
upouDon the outcome of these debates, lliese 
decisions will plot the course for our schools, 
our children, and the future. 
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science program consists of four interdepend- 
ent parts: Ways of Knowing, Actions/Applica- 
tions, Consequences, and Values (Figure 1). 



'uring periods of perceived crisis, national 
debate in diis country inevitably focuses on 
the purposes and content of science educa- 
ticHit on how it is conducted, and who has 
access to it We are now entering such a de- 
bate, if in fact it has not already started. Part of 
die debate centers around what levels of gov- 
ernment ^ould be invoked and in what ways; 
in otiier words, given that an acceptable set of 
recommendations win eventually emerge, who 
win pay for the effort to revitalize science 
education? Legislators, school board members, 
texdbook and test writers and their publishers, 
school administrators, technical eacperts such 
as scientists and engineers, and curriculum 
supervisors^-aO are influential in setting sci- 
ence and mathematics education policies. What 
they need is a frame of reference within which 
to evaluate recommendations, plans, and poli- 
cies. In this paper, I propose such a frame of 
reference. I use it to evaluate some of the 
current controversies concerning what ought 
to be done to improve the quality and ^ppro- 
priateness of science instruction, and conchide 
with some recommendations for action. 
According to the proposed paradigm, a full 

flnt appmed in SeknWk Ukn0 (Spring, 1963) » iMued u Vohune 1 12, Number 2 of DoMms, 
vMI of the Americn AcMlemsr ol Alts and SdoKxt, Can^ 



Figure 1. Four Components of a Full Science Program 




ACTIONS/APPLICATIONS 

What do I infer? 
What must I do with what I know? 
What are the options? 
Do I know how to take action? 
Do I know when to take action? 



WAYS OF KNOWING 

What do I know? 
Why do I believe it? 
What is the evidence? 




CONSEQUENCES 

Do I know what 
would happen? 




VALUES/WHO CARES? 

Do I care? 
Do I value the outconne? 
Who cares? 




3. 
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Using these components, we can examine 
science curricula* texts* instruction in class- 
rooms, and even standardized tests to see 
Aether all four are sent When we do, we 
usually discover that three of the four— impli- 
cations for action, prediction of consequences, 
and the analysis of value— are either missing 
entirely or minimally treated at the elemen- 
tary or secondary level. Yet these components 
are precisely what are of greatest interest to 
the nuyority of students. Even then, only a 
portion of the questions under the heading 
•Ways of Knowing" recehres substantial atten- 
tion in texts, tests, or instruction, with most 
consideration given to what we are supposed 
to know and very little to why we believe or 
doubt it, as the case may be (Stake and Easley, 
1978; Weiss, 1978). 

Research on the learning and teaching of 
science, mathematics, and technological sub- 
jects suggests what we should do, but sadly, 
the current practice in teaching and textbook 
presentations fails to exploit this knovrfedge. If 
the research were applied in texts and instruc- 
tion, both interest and achievement in science 
and mathematics would improve substantially, 
and at a relatively low cost (a subject I shall 
return to later). 

None of the science programs in the past 
adequately exploited the need of students, 
particularly young adolescents, for answers to 
questions that they regard as important, what 
students call the "so what" of it aU— actions, 
consf^quences, and values. Late in preadole&- 
cence and during the years that foUow, youth 
in every countiy b^ to develop a worid view, 
a set of attitudes^ nexus of beliefs if you 
will— that ultimately affects their behavior. By 
observatfon, through experience, and by talk- 
ing seriously with anyone who will converse 
with them, they form their own answers to a 
recurrent set of twehre questions. 

1. What kind of country is this? 

2. What values control activities? 

3. Where do I fit in? 

4. Do they expect me to succeed or fail? 
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5. How much effort do I need to make? 

6. Is success worth the effort? 

7. Can I get help? 

8. Do I have the energy and endurance? 

9. What happens if I do not make the effort' 

10. What an I up against? What is the competi- 
tion? 

11. What difference can I make? 

12. Do I care? Does anybody care? 

Ultimately, we have to decide what science 
programs, and other subjects as well, ought to 
contribute to their search for answers. 

Under Project Synthesis, a team of twen^- 
three science educators examined elementary 
and high school programs to see how well 
they satisfied four nuyor puiposes of science 
education: (1) science for personal needs; (2) 
sdence suitable for dealing with social issues; 
(3) academic preparation for further study of 
sdence; (4) orientation to careers in science 
and technology. Their aim was "te examine 
the countenance of science educatkm as it 
exists at the precollege level and to make basic 
recommendations regarding future activities 
in science education" (Kahl and Harms, 1981, 
p. 5). Although they found no programs that 
satisfied all four goals in the four laige data- 
bases and the most conmionly used textbooks 
that they studied, they did find pieces scat- 
tered among the programs that couM be fit 
together to fill out portions of the missing 
components in the science cycle described in 
Figure 1. 

Caps in the Science Cycle: 
Why They Exist 

Controversies about what the focus in sci- 
ence programs shouM be arise in part from 
the failure to keep all four components in per- 
spective. Withm the "Ways of Knowing^ com- 
ponent, for example, we find the first nuuor dif- 
ference between what the scientists vAio led 
sdence curriculum reforms that began in the 
sbcties thought was important and what was 
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tfara, and continued to be, the predominant 
enq)ha8i8 in schools. For the most part, teach- 
ers and texts concentrate on the question 
*What do I know?* Emphasis on this question 
tends to limit the teacher's function to one of 
omveying infDrmation and correcting student 
recitations. Knowledge is seen as a fixed 
conunodity to be stored up for future use. 
CLeam it now. You vnH need it next year.*^ 

Ordinarily, science programs that operate 
under tfiis conception of knowledge provide 
relative^ little formal opportunity for students 
to discuss dieir own inteqH'etations. The stu- 
dents' primary req)onsibility is to learn the 
oflBdal story well enough to be able to write it 
or recite it correctly, regardless of whether 
they understand it or believe it Thus the cov- 
erage of large amounts of content becomes a 
prime objective. 

Texdx)ok publishers and testing services 
have responded to this objective overwhelm- 
ingly. Science books have grown by accretion, 
padced widi more concepts per page, more 
pages per book, and more topics to be "cov^ 
ered" than ever before. High school sdence 
texts average between seven and ten new 
coi^epts, terms, or symbols per page. TVpi- 
cal^ die 300 to 350 pages assismed during a 
school year means diat students are expected 
to learn between 2,400 and 3,000 terms and 
symbols per science course (Ross, 1981; Rowe, 
1983). Thus, in a school year of 180 da> s, and 
in class periods of approximately My-five 
minutes each, twenty concepts would have to 
be covered per period, an average of one ev- 
ery two minutes. That there is very little dis- 
cussion or inquiry should come as no sur- 
prise—there is no time for it 

Some sense of the frustration both teachers 
and students sometimes experience in the face 
of such pressure is epitomized by the remark 
of an exasperated ninth-grader as he slammed 
his very thick Earth Science text down on his 
desk— "Do you know what this is? It's a damn'd 
dkrtionary!" 

Standardized tests, or at least teachers' im- 
ages of them, rdnforce the ''coverage" pres- 
sures that teachers feel, and have a^ well some 



undesirable effects on students. Science in- 
struction often amounts to no more than long 
lists of words to be looked up so that the defi- 
nitions can be repeated in recitation and on 
tests. Implicit in this method of teaching is the 
notion that students are uncritical, essentially 
bottomless receptacles for information. When 
it comes to learning science and mathematics, 
at least this is an erroneous conception. One 
has to wonder, parenthetically, what such learn- 
ing contributes to the search for answers to 
the students' questions described above. 

What students do learn is that someplace 
there are people ^o produce the "righf an- 
swers. There is always an official response to 
be recited whether or not one understands it 
or believes it Recent research (to be described 
later in this paper) illustrates how deeply self- 
defeating this whole approach to sdence in- 
struction is. 

In the sixties, sdentists who took part in the 
reform of sdence programs wanted more at- 
tention g^en to the other questions in the 
•Ways of Knowing" component— *Why do I 
believe it' What is the evidence?" They argued 
that to understand why sdence has become so 
important to the well-being of people and the 
prosperity of a nation, one has to look at its 
methods as well as its content The methods 
create a capadty for progress by making pos- 
sible a systematic increase of trustworthy 
knoi/dedge — that is, knowledge that has been 
subject to test and verification. Thus they 
wanted to direct more attention to the meth- 
ods by whkh researchers construct reliable 
knoi^edge. They wanted students to consider 
the roots of belief, to examine evidence, to 
construct explanatory systems of their own 
that were fundamentally ''sdentific'* in nature. 
They encouraged students to seek alternative 
interpretations and to appreciate the provisional 
nature of e3q>lanations. Sdence, they believed, 
is a method of constructing reali^ that de- 
pends essentially on action. Through action, 
the correspondence between explanation and 
phenomena can be checked, arftd knowledge 
put to work on our own behalf. Bift the form of 
instruction they thought appropriate to achieve 



SOURCEBOOK FOR SCIENCE SUPERVISORS 



their purpose relied heavily on guided inquiry 
and extensh^e student discussion — students as 
acth^ inquirers in search of explanations, as 
opposed to recehrers of information per se — 
and this created serious problems for many 
teachers and students alike. 

Only engineers had a full gra^ of the impli- 
cations of the '"Action" component of the sci- 
ence cycle, but their influence on curriculum 
was limited. The engineering sciences provide 
means for joining together the four compo- 
nents of the science cycle because they draw 
attention to the applications side, the "so what" 
01 it all. Three categories of knowledge are 
important to the design of solutions to techni- 
cal problems: (1) how things work (descrip- 
tion); (2) why they probably woric that way 
(exi^lanation); (3) what must be done to make 
desirable outcomes more likely and undesir- 
able effects less likely (forecasting and con- 
trol). Thus the ''Actions," "Consequences," and 
•'Valu^" components of the science cyde could 
be realized through the inclusion of an engi- 
neerin,? perspective in both mathematics and 
science (Piel, 1981). 

Many of the scientists and mathematician^^ 
who toox part in the curriculum reforms of the 
sixties felt that if the basic science in all tiie 
items under 'Ways of Knowing" was strong, 
anybody could make applications. That expec- 
tation pnn'ed to be inc(MTect Recent research 
in physics ^'McDermott, 1982; Minstrell. 1982) 
and in mathematics (Clement, 1982; Cohen, 
1981) edua\tion suggests that strategies for 
making use of knowledge are com|dex and 
must be taught Even students witii good 
grades in physics and mathematics had great 
trouble putting their knowledge to use when 
confronted din^ctly with phenomena, socalled 
real situations. Moreover, by failing to include 
sufficient emphasis on implications for action, 
texts and teachers alike eviscerate one of the 
most important sdurces of motivation to learn. 
Many students see littie point to what tiiey are 
being asked to learn, and they have littie en- 
thusiasm for science in the way it is generally 
conveyed— namely, books that read like dic- 
tionaries and classroom sessions that require 



littie interpretation and application from the 
students (Stake and Easley, 1978). 

Trade-offs Between Giving 
Information and Encouraging 
Inquiry 

Inquiry-oriented instruction brings into con- 
tention the purposes of the program and the 
belief, of tiie students about what is true and 
important Moreover, it tiireatens the tradi- 
tional role of the teachers in controlling the 
flow of content and determining what the final 
products of discussion should be. 

TVpically, teachers ask questions and stu- 
dents answer them. In the inquiiy mode, how^ 
ever, more responsibility for producing and 
evaluating explanations and for asking ques- 
tions shifts to the students. Attention moves 
from questions of what we know to how we 
explain what we know or believe, and in a fiilly 
implemented cycle, to discussion of the other 
three components that relate to 24)plication. 

The inquiry process incorrectly conceived 
can lapse into an inquisition as easily as the 
**tell, text, tesf procedure can. During a lesson 
on earth science, for example, a student's an- 
swer to the question why crystals formed in 
rocks immediately provoked another one from 
the teacher "And why is tiiat?" The student 
gave more information, and again the teacher 
asked, "And why is thati^ After the fourth ^vhy" 
from the teacher, the student answered in 
exasperation, "I don't know. God made it that 
way, and that is tiiati" Students may learn to 
say what they are expt^cted to say but believe 
something else, and it is beliefs that ultimately 
guide action. 

Instead of acting primarily as givers of infor- 
mation and inquisitors, teachers in the inquiry 
mode will function more as consultants to the 
student investigators and as managers of ma- 
terials needed in tiie laboratory. The students' 
task will be to construct defensible explana- 
tions. 

Students come to class with a host of what 
might be called homegrown conceptions of 
how the worid works, conceptions that are 
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convindng to them but that often turn out to 
be incorrect in terms of modem science. These 
misconceptions are quite resistant to change 
and frequently become baniers to further learn- 
ing. V t now know that sinq>ly telling them a 
different way of diinking fails to unsettle thes^ 
deep beliefe. There is a growing body of re- 
search on q)ecific misconceptions that S4q)ear 
to be learned relathrely eariy in life. Physics 
ideas have been particularly difficult for people 
to acquire and use because of prior miscon- 
ceptions (Clement, 1980; Green, McCloskqr, 
and Caramazza, 1980; McDermott, 1978; Min- 
strell. 1978; Simon and Simon, 1978; Viennot, 
1979). One thing seems clear from this line of 
research: students wiD not exchange their naive 
e9q)lanatory systems for scientific ones by being 
told what to think and say about the two to 
three thousand concepts and symbols that are 
now treated in many classrooms and tesctbooks. 
The research seems to show that only through 
e3Q>osure to many counter examples, plus a 
good deal of discussion and argument joined 
to e3q>erimentation, are they likely to trans- 
form their perspecthres. 

Wait-Time and Pacing Factors 

Whah^ver variation of inquiry one chooses, 
and wherever in the cycle the class is, discus- 
sion and argument are essential to intellectual 
growth in the discipline and to the nurturing 
of the enibryonic roots of scientific wisdonL In 
fiict, however, the prevailing pace of verbal 
exchange between teachers and students in 
science classrooms is much too fast for the 
necessary depth of thinking to take place. The 
speed of exchange that characterized recita- 
tions in the *^11, text, tesf pattern proved to 
be much too rapid for the complex mental 
processing that die inquiry method requires 
to function properly. 

When teachers ask questions, they gener- 
ally aUow an average of only one second for stu- 
dents to begin answers. After a student re- 
sponds, teachers typically be^ a reaction m 
dightly less than a second (an average of 0.9 
seconds). While that rapid pace may be suit- 



able for drill, it spells doom to the kind of 
discourse needed for more complex thinking. 
The effect of lengthening the pause following 
a question and after a response alters the 
quality of student thinking rather dramatically. 
The changes that result, only a few of which wiU 
be mentioned here, highli^t the connection 
between instructional strategies and the hind of 
thinhing Uiat students exhibit For example, the 
length of their explanations in one study in- 
creased on average from twelve to forty words, 
a 300 percent growth in science-related lan- 
guage production. Inferences were more likely 
to be linked to evidence without need for teach- 
ers to probe for the connections. Students 
asked more questions, something they rarely 
do under normal rates of pacing. Logical con- 
sistency of their explanations improved, and 
the number of suitable alternative ideas they 
e^essed uicreased markedly. Essentially the 
same effects were found for secondary and 
elementary schools and in college science 
classrooms as well (Rowe, 1974, 1980). 

Feedbacic 

In the "tell, text, test" pattern, teachers focus 
on the correctness of student responses, sig- 
naled by reactions such as "Good," "O.K.," 
"Fme," "Right," "No, tiiink again," and tiiese 
are consistent with the emphasis on the ques- 
tion *What do I know?" Answers, for die most 
part, are either right or wrong. 

Because feedback ui inquiry-centered uistruc- 
tion is meant to improve the quality of student 
explanations, the teacher's task becomes con- 
siderably more complex. This kind of uistruc- 
tion requires deeper understanding of the 
subject and of likely student misconceptions. 
Feedback is meant to help students assemble 
explanations that meet such criteria as consis- 
tency, congruence v/ith the data, and so on. 
Challenges to student explanations have three 
purposes: to resohre differences in explana- 
tions; to illustrate why controversy is essential 
to the progress of science; and to confit>nt 
values tiiat are implicit in the process of mov- 
ing around the science cycle. To be effective in 

.^5 
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the inquiiy mode, teachers have to make judg* 
ments continuously about the adequacy of stu- 
dent e3q>lanations in order to select activities 
or pose questions that will allow students to 
discover for tiiemseWes when tiieir ideas need 
to be revised. 

As discussed above, wait-tinies that are too 
brief have a negative effect on tiie quality of 
student reasoning in science. So, also, do many 
verbal rewards CFme," ^'O.K.," etc.) Contrary 
to prevalent belief, a high rate of verbal re- 
warding has a depres«ve effect on the quality 
of explanations in science (Rowe, 1974, 1978). 
If an objective is to build student confidence in 
their ability to develop explanations and to 
resolve conflicts bet /een prior conceptions and 
new explanatory systems, three instructional 
practices will help: 

1. Overt verbal rewards need to be substan- 
tially reduced in order to create a relatively 
risk-free condition for testing ideas. 

2. Average wait-times after a teacher asks a 
question and after a student res^oonds need to 
be increased from the prevailing one second 
to tiiree seconds (Rowe, 1974, 1978). 

3. Students need many examples and a great 
deal of time to discuss them if they are to 
understand concepts well enough to put them 
to use (Reif, 1980; Robinson, 1981). 

In short, the research seems to ly that 
the current emphasis on rapid presenu. Jon of 
many ideas, with too littie time for discussion 
and too few examples, may produce students 
who are test-wise and knowledge-poor. The 
implementation of an inquiry approach, how- 
ever, poses dilemmas for students as well as 
teachers at least some of the time. Three anec- 
dotes illustrate how deeply embedded is the 
idea that there is only one official explanation. 

In a chemistry classroom in Palo Alto, Cali- 
fornia, CHEM Study (one of the inquiry pro- 
grams developed in the late sixties), students 
answered questions as briefly as possible, and 
when tile teacher pressed for alternative inter- 
pretations, tiiey sat sUent Fmally, one of tiiem 
called out plaintively, 'Why don't you just tell 
us tiie answer and f/et it over witii? We have to 



take college entrance exams and need to know 
tiie right answers." Then he added, This in- 
quiry stuff is sometimes kind of interesting, 
but we haven't got time for it, and besides, it 
always ends up the same way— what we are 
supposed to tfiink. We need to know tiie right 
answers." 

The second illustration of the fact that young 
adolescents, wherever tiiey may be, form tiieir 
own answers to the basic questions described 
earlier comes from a sfacth-grade classroom of 
boys in Kenya, East Africa, where anotiier in- 
quiiy-based science program, tiie ^African Pri- 
mary Science Program," was taught The sixty 
boys were organized in woricing groups of 
seven or eight each to conduct a small investi- 
gation using a few conmion chemicals. I was 
the consultant for one of the groups. The boys 
ratiier quickly got tiie idea of controlling vari- 
ables, in this case, nuxtures of chemicals, so 
that they could identify an unknown powder. 
Within the group there were differences of 
opinion about vfhy some of the nuxtures 
bubbled and others changed color. The ques- 
tions and explanations were theirs, not mine. 
At the end of an hour, the teacher called the 
groups togetiier to question tiiem about tiieir 
findings and explanations. To my surprise, the 
boys in my group gave answers that were at 
odds with those on which they had previously 
reached a consensus. Afterward I asked them 
why tiiey had done tiiat In Kenya, where tiie 
ftiture of students depends heavily on their 
test performance, the response made practical 
sense, "Please understand, madam. We know 
tiie way of his knowing must be tiie way of our 
knowing, whether we believe it or not" 

On a flight to EuroiJfe, an eleven-year-old boy 
from Baltimore watched me analyze some re- 
search data with the help of a calculator. At 
some point he startied me by saying, "How 
will you know if you are right?" Had he some- 
how read my own concern? "Where are you 
going to look it up when you get finished?" he 
wanted to know. Still begrudging the intru- 
sion, I answered. There is no place to look it 
up. I just have to use this answer until there is 
a reason to change it. maybe when otiier people 
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tfiink there might be a reason." He was not 
satisfied, '^meone has to know. If you don't 
have a bo^ jk to k>ok up the answers, then you 
have to ask the teacher." He paused, and then 
in a tone of sympathy said, '^metimes they 
won't ten you. Won't your teacher tell you?" 
Certainly he had formed his answers to a few 
of the twehre questions listed earlier. 

In science and engineering programs that 
stress inquiiy, the balance between teacher 
control and student control of what haM)ens in 
the dialogue is critical. How for off the track 
should teachers let students wander before 
redirecting tiiem ^en they £eu1 to recognize 
and remedy deficiencies? This question, asked 
repeatedly by puzzled, time-driven teachers, 
was echoed in a related form by certain of 
their students who never lost track of what 
was really important for their future: ''What 
are they fishing for?" 

Logistics 

Conditions for operating satisfactory labora- 
tory portions of science programs are much 
less favorable than they once were. The im- 
pact of tile changes is greater on an inquiry 
mode of instruction than on the "tell, tesct, test" 
instructional pattern. Inquiry programs rely 
heavily on activities meant to arouse student 
curiosity and prompt spontaneous exploration 
of ideas. Toda/s classes are larger and more 
unruly. That means more materials need to be 
available and managed safely at one time. 
These conditions increase the risk of injury in 
an era when teachers are more and more vut 
nerable to suit 

Everything connected with operating a sci- 
ence program seems to be surrounded with 
more red tape and restrictions than was once 
the case— repairs and the purchase of new 
equipment and other materials invoWe more 
pq)erwork, permission for field trips is more 
difficult to of tain, safety precautions are more 
stringent, and so on. One hears remarks like 
tile following fit>m teachers who once ran first- 
rate inquiry-based programs: ''Nobody vmts 
to cooperate on aiqrthing anymore. The stu- 



dents don't want to do the work to prepare for 
field trips and die administrators don't really 
wantyou to go. It costs money, and they worry 
about the things that could happen." ''I wait 
until the summer to take students on trips, 
because then I just get the ones who are inter- 
ested. The others have ruined so much for 
eveiyone. They couldn't care less." ''Because 
of insunmce on the buses, we can't take trips 
beyond twenty-five miles torn the school, and 
the museums are fifteen miles beyond the 
limit" 

For many science teachers, the groups of 
bright, enthusiastic students who came to the 
laboratoiy after school to woric on science 
projects of their own choosing were the great- 
est source of satisfaction. Here, inquiry went 
forward in a very natural way in what amounted 
to small research communities. Witii the disr 
sq^pearance of neighborhood schools, and the 
need to move large groups of students on tight 
bus schedules, after-school programs, which 
gave science^otivated students the opportu- 
nity to work on projects and to spend time 
with others interested in science, virtually dis- 
s^peared. Many schools still maintain an "ac- 
tivities" bus that takes students in the nugor 
sports and band programs home at the end of 
an extended day, but as one teacher remarked 
angrily, They don't have room for the science 
kids. Football and band get priority." 

Many teachers are reacting to tiie deterio- 
rating conditions by retreating to what 2V)pears 
to be the safest and most energy-conserving 
ver^on of the 'lell, text, and test" instructional 
pattern. Laboratory equipment stands idle, and 
administrators wonder whether it was a bad 
investment This, in turn, makes science with 
its horrendous vocabulary and what many stu- 
dents consider to be irrelevant content, less 
attractive. It is treated increasingly as a sec- 
ond-language learning program (Stake ?Jid 
Easley, 1978). Enrollments in nonrequired sci- 
ence course are not rising (Buccino, Evans, 
and Tressel. 1978), and if we can believe the 
reports on science performance published by 
the National Assessment of Educational Prog- 
ress, students know less science than they did 
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a decade ago (National Assessment of Educa- 
tional Ptogress, 1979). 

Science and Fate-Control 

How well a nation thrives and how rapidly 
adaptation takes place depend in part on the 
extent to which a substantial portion of its 
people understand the connections between 
possession of scientific and technological 
knoi«dedge and the power to act effectively on 
the world. The products of science and engi- 
neering indeed produce fundamental shifts in 
economics and worid view, but tfie metfiods of 
science and tfie values attached to it have tfie 
power to shspz our sense of purpose and to 
turn us into architects of our destinies. Too 
often, however, the way in which science is 
taught £eu1s to convey any insight mto its most 
powerful features. 

As an enleiprise. science transcends national 
borders. Education about science, however, 
takes place witiiin kleological milieus. Some 
are hospitable to the culturing of scientific and 
technoHgical sophistication; otfiers stifle its 
development The vigor of science and tech- 
nology in a country depends in part on which 
of the two forms of fate^ontrol orientation pre- 



dominate in tfie culture. Fate-control refers to 
a pattern of beliefe about the nature of the 
worid we live in. one's place in it, and tfie 
influence one can have on it It depends in part 
on how we answer tfie twelve questions listed 
earlier. 

People witfi a low sense offate^ontrol act as 
if tfie worid were a collage of happenings witfi 
few connections between tfiem, as tfiou^ each 
event had sprung uninvited into tfieir lives* 
The world for tfiem is unpredictable, like a 
game of chance. As a rule, tfieir knowledge 
and understanding of science tend to be rather 
primitive, if not totally absent This lack of 
knowledge gWes license to tfieir belief tfiat 
notfiing is worth any sustained planning since 
tfie worid is in tfie grip of powerful forces and 
people beyond influence. 

People witfi a high £ate<x)ntrol outf ook func- 
tion as if tfiey believed tfiat events have roots 
tfiat evobe by processes tfiey can discover 
and tfiereby possibly influence. Pe<vle of hi^ 
fatecontrol orientation are more keenly attuned 
to cause^d-effect and to tfie structure of rela- 
tionships between events and ideas. Because 
tfiey believe tfiat tfie future grows out of what 
one does in tfie present, tfiey are more dis- 
posed to participate in long-term plans and 



TABLE 1 

Characteristics of Low-Fate and 
LOW-FATE 

Chance— can't influence odds 

No use to try— you can't make a difference 

Little prior evaluation of possible 

consequences of action 
Now-oriented— here and now rewards 
Low task persistence 
School achievement lower 
Passive 

Weak problem-solving strategies 

Susceptible to influence 

"How I do things makes no difference 

in how things turn out.'' 
Goal-setting is in^levant 
Displaces responsibility outward 
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High-Fate Control Views 

HIGH-FATE 

Can influence odds 

Try things— learn from experience 

Evaluate outcomes and use information 

Future-oriented— delayed risks OK 
High task persistence 
School achievement higher 
Active 

Aggressive problem-solving strategies 
Relatively resistant to influence 
"How I do things makes a difference 

In what results I get." 
Goal-setting is Irrelevant 
May be excessively self-blaming 
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prolects. Table 1 contrasts high and low fate- 
control perq)ectives on the worid; there may, 
of course, be numy gradations between them. 

The world views encapsulated in the termi- 
nology of fatecontrol extend over two msyor 
dimiains of knowledge. On the one hand there 
are axial (dienoniena. To the extent that peofde 
understand somediing of their nature and think 
of diemsehres as able to influence others, their 
abOily to function effectively in conq)lex social 
and economk: institutions is increased (See, 
for exanq>le, Lefcourt, 1974). On the other 
hand, there are phenomena, such as are en- 
countered in the natural sciences and the 
eqdanatoiy systans, upon which the progress 
of a sdentffiodly and technologically sophisti- 
cated world depends. Hie two domains inter- 
sect at the point where science is brought to 
bear in die service of health, technology, con- 
servation, and other areas. As Figure 1 sug- 
gests, the natural and social sciences pro^de 
a substrate out of v^ch young people could 
compound answers to their questions that 
would help to cultivate a worid ^ew that is 
more highly &te<:ontrol oriented. And if the 
study of ethics is included in their education, 
the probability that they would develop a high 
fate<:ontn)l perspective is greatly increased 
(Christianson, 1982). 

To illustrate how reasoning differs among 
children with low fate-control orientations as 
compared to high, consider the following an- 
ecdote from early research on this topic (Rowe, 
1975) . In two elementary school classrooms in 
two different schools, students were divided 
into groups of four. Each group had a small 
aquarium with six or seven guppies in it to 
care for over a period of several weeks. One 
Monday in November, they discovered, when 
they came to school, that many of the guppies 
had died over the weekend. In one class, 
members of several groups inunediatety be- 
gan to argue over whose fish were dead and 
who owned those that were left. The response 
in the other class was quite different Students 
mostly puzzled over why the fish had died and 
what they rould do to save those that were still 
alive. (Ox^er the weekend, the tempc.ature 



out^de had dropped, and there was no heat in 
the schools. The tenrperature change was ap- 
parently too much for the fish.) 

Even among scientists, those with a higher 
fate-control orientatk>n appear to be more pro- 
ductive (Hardy, 1974), since they are appar- 
ently able to tolerate ambiguity for a longer 
period while they examine a wider array of 
alternative hypotheses. Inquiry programs have 
a similar puipose: namely, to contrast what 
one knows with possible alternative interpre- 
tations, and then to take considered action (see 
Figure 1). 

Special Problems of 
Elementary Science 

Perh£y)s one of our most serious concerns 
should be the virtual disappearance of science 
in grades one through sbc (Rowe, 1980, Buc- 
cino, et al, 1982). Children begin absorbing 
and creating e3q)lanations about things ''scien- 
tific" when they are very young, and although 
«>ome of these homegrown theories are sound, 
many are not As the research repeatedly 
shows, misconcepttons can be firmly embed* 
ded rather early in life and can block future 
learning. Furthermore, the research suggests 
that concepts and explanations must be expe- 
rienced on many occasions over time and in 
different contexts. It was partly for these rea- 
sons that the elementary science programs 
developed in the sixties put such emphasis on 
direct e3q)erience with phenomena, on how 
the processes for producing knowledge are 
related to what we believe in science. It seems 
dear that eiqx)sure to science throughout 
elementary school would help establish more 
appropriate "scientific explanatory systems" 
and therefore lessen the need to do so much 
unlearning in later years. Science programs 
that include many simple investigations not 
only help develop better explanatory systems, 
but also have a behoficial effect on kmguage 
development as well (Rredderman, 1982; 
Wellman, 1981). 

There appear to be five reasons why science 
is disappearing in the early grades. First, de- 
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spite its substantial contribution to language 
development generally, science is neverthe- 
less a lowixiority subject, drowned in the back- 
to-basics waves that inundated most education 
programs in the last decade. Second, this image 
of science is reinforced by the feet of its usual 
omission in district-wide testing programs. 
Third, it has few advocates; if science is left 
out of the school week, nobody complains. 
Fourth, it takes more time to prepare the 
equipment and materials for a science lesson 
than it does, for exanq)le, a lesson in the social 
sciences, to say nothing about where the 
material and equipment can be left safely untU 
the time they are needed. Yet science, if taught 
in the inquiry mode, requires onty simple 
equipment and materials. Fifth, of all the ma- 
jor subjects in the elementary curriculum, 
science produces the most anxiety for teach- 
ers. School administrators say their teachers 
do not know enough science; teachers say the 
problem is twofold— a lack of time to prepare, 
and finding the time to put science into an 
already crowded school program. 

An Agenda for the Eighties 

In his introduction to the Carnegie Institution 
of Washington Year Book '62, Caiyl Haskins 
says. 

Greatness in a nation, like personal greatness, 
is a measure not only of character, not only of 
(OcceUence, but also of enduring sign^ance both 
in ideals and the shape and goals of ^rt. In 
any society, but perhaps especially in our oum, 
such greatness must necessarily be valued in 
coin of our oum design and minting, whose very 
significance, moreover, we must ourselves deter- 
mine. (1963, p. 3) 

It is doubtful whether a democracy can af- 
ford to leave large sections of its population 
ignorant of science and untutored in technol- 
ogy. In the long run, such a decision could 
undermme the political and economic viability 
of the nation. Knoiirfedge of science and use 
of scientifically based technologies may com- 
plicate our Uves, but lack of it saps our will. 



Thus the first of a dozen reconunendations for 
future action would be to 

1. Extend science for general education to more 
students over longer period of time. 

2. Extend support for science programs on 
television (e.g.,''3-2-l Contact," a science pro- 
gram for ten- to twelve-year-olds produced by 
the Children's Television Network). 

3. Examine existing books and curricula in 
terms of the science cycle in Figure 1, and 
modify or add to those so that all components 
of the cycle are included. 

4. Examine the social studies and humanities 
portions of the curriculum to determine what 
these subjects can contribute to the implemen- 
tation of a full cycle. In a cogent article, •Un- 
derstanding Science as a Cultural Phenome- 
non," D. Christianson remarked, The human 
element refers to all the unexamined forces 
eneigizing and shiq)ing science from within 
and from without It is private ambitbns, co^ 
porate inotives, and public goals; it is lofty 
purposes and public expectations; i. is group 
loyalty and professional allegiances (Chrisian- 
son, 1982). 

5. Put existing research to woric in the sendee 
of curriculum development and instruction, to 
dose the too«reat gap between current prac- 
tice and current kno^edge. In recent years, 
the problems specific to learning science have 
begun to be researched, and although the woric 
is far from finished, there are some very 
important findings for the teaching of science, 
particularly the teaching those physical 
science concepts that hav^ ^een a source of 
failure for so many people. Incorporation of 
current research bto both instruction and text- 
books would produce gains in science under- 
standing. 

6. Increase the motivation to study science by 
making the engineering sciences and the ap- 
plications side of the science cycle more vis- 
ible in the curriculum, and include these prac- 
tk:al a^)ects of science more ft^uentfy in class- 
room discussions. 
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7. Involve scientists and engineers from both 
kkkistiy and universities, as well as science 
educators, in curriculuip planning and in the 
ccmduct of programs for inservice science 
teachers. 

& Employ computers in the instructional proc- 
esa» not just for drill and pnctke, but to give 
students acc^ to whole arenas of knowledge 
tibat would oAerwiae be missed. (Computers 
are patient and foigiving of mistakes, but most 
hnrortant, diey he^ die student to develop a 
pcnat of view essential to a high fate<x>ntrol 
orientatfon: namefy, they make the process of 
feedbidc fv mem efiective thaii it can be under 
what are now standard conditions in a class- 
room. When programs fail to run as expected, 
students can control diem by debugging [fix- 
ing them] based on immediate feedback.) 

9. Keep in mind the twehe questions adoies- 
c»ts ask repeatedly as they develop their 
"vorld views. Provide opportunity for discus- 
sion and use resource materials that will help 
diem develop better e3q>lanato!y systems. 

10. Reorganize textii)ooks in light of research 
on what and haw muck really ought to be 
cov^^ in a course. 

11 Develop accountability procedures that 
reflect diose aq)ects of the science cyde which 
are finally incorporated into program. 

12. IVovide summer science programs for in- 
service teachers that allow them to learn ab^ v. " 
research currently under way in the sciences 
and in science education, and that iHX)vide them 
with occasions to partici;>ate in some way. 

Science for a Democracy 

When an American science education dele- 
gation was visiting China a few years ago, one 
of the members conducted a brief inquiry ses- 
sion for teachers so that they could catch the 
*flavKM^ of the method. The Chinese teachers 
did the snudl e3q)eriment and argued over 
explanations vigorously. A lot of good science 
emerged in the discussion, and it was difficult 
to Hiw Aeir attention back to the reason for 
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the demonstration. Their interest had been 
caught Finally, one of than said, "But why do 
you do things this wi^? Why don't you just tell 
them what they are to think. That is more 
efficient" 

Each one of us must answer that ^tion. A 
saying of Chuan Tsu, an ancient ChiL »se phi- 
losopher, provides one answer The pheasant 
in the mar has to take ten steps in order to 
get one beakful of food; one hundred steps for 
one drink of water. Yet it doesn't want to be 
kept in a cage. Though it would be fed like a 
king, it would not be happy.'' 

In a democracy, we have to teach ourselves 
how to live successfully outside the cage — 
how to be free. Science has a place in that 
teaching. How we do it matters. Why we choose 
to do it in particular ways also matters. As 
Gwen Frostic, an artist and poet from Michi- 
gan, tdls us in her book Beyond Time, 

We must create a great change 

in human direction— 

an understanding 

of the interdependency 

by which the universe evolves 

Know 

--^hat knowing— 
is *he underlying foundation 
for the life we must develop.... 
We cannot lecve it to the scientists — 
nor any form of government- 
each individual 
mustfye a philosophy 
with a plan of action. 

We must begin the process of developing 
scientific wisdom suitable for our time. It can 
be argued, ynih good justification, that as the 
programs of science education decay, so vdll 
the potential to shape the iiiture to our own 
benefit, to maintain some control of our own 
destiny. 

4i 
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ence education merits the coUective best 
of aD factions of the community. Science 
educators must be vocal, visible, untiring 
advocates for tfieir disciplines, prepared to go 
ttie proverbial extra mile. Although this essay 
replants neither tfie final word nor the on^ 
way to support science education in schools, 
the qiproach outlined here has worked in 
succMsfiil science programs across the na- 
tion. 

Financial Support 

Of the many kinds of ^^upport necessary to 
keep a science program viable, money is one 
of ^e most critical. Without adequate fimdmg 
it is nearly inqwssible to obtain the materials 
and equiimient needed to teach science effec- 
tivelly. Science supervisors in many districts 
must be vocal and oi^ganized to secure equi- 
table financial support for science programs, 
thus enabling students to not only re&d about 
idence and technology, but interact with it 



Support from Administration 
and Boards of Education 

No science education program can succeed 
without the suiq)ort of tfie local school board 
and administration. As these groups provide 
funding, establish policy, and formulate a 
school district's philosophy, they must con- 
stantly be informed of the science program's 
needs. This can be a difficult ta^ School 
administrations menage many issues, and sci- 
ence is seldom given high priority, especially 
if the administrators or board monbers them- 
seWes had difficulty studying it in the past 
The science supendsor must work to improve 
the image of science for these groups. This 
will help them share a sense of ownership and 
responsibility for the program, keep them up 
to date on the latest research and directions of 
the field, and encourage them to seek advice 
on how to sohre problems in the delivery of 
science education. Both bodies must be kept 
informed of all science education haivenlngs. 
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There should never be surprises. There are 
many ways to invohre administrators and 
boards. Some are the following: 

• Show enthusiasm about science and share 
students' interest in the subject 

• Invite observers to classrooms when a 
teacher is woridng wel! with students 

• Provide concise information to th« right 
people on what the latest research says about 
the need for quality science education 

• PkDvide opportunities for students to be in- 
volved in science £Eurs and olympiads 

• Honor students and involve administrators 
in award asseniblies and similar events 

• Write news releases for the media high- 
lighting students' and teachers' achievements. 
Provide action photos for display 

• RecognL ? publicly those science teachers 
who really nudce lessons come alive and who 
are naturals in promoting science 

• Arrange press interviews for teachers to 
highlight programs and boost teachers' im- 
ages 

• Conduct woric sessions in which teachers 
can Uiare effective teaching methods and fo- 
cus on thdr needs 

Community Support 

Many of the procedures listed above will es- 
tablish ties with the commimity, an essential 
relationship that takes time and effort to culti- 
vate. When science supervisors fulfill their re- 
sponsibility to constantly inform the public 
about the status of science education, their 
programs are likely to be supported. Barents 
er^joy seeing their children recognized. Small 
gestures like "Science Student of the Week" 
certificates can let parents know that the fac- 
ulty cares about the students. T1.2se ritual cele- 
brations ma/ seem difficult or trivial* but they 
work to publicize programs. 

Other suggestions for invohdng the conunu- 
nity include: 

• Appointing citizens to curriculum ^onunit- 
tees 

• Inviting science professionals to judge 



science fairs 

• Serving on the boards of out^de oiiganiza- 
tions to foige links between them and the 
schools 

• Working with parent-teacher oisaiuzations 
to help raise funds for science activities 

• Invohong the arts community in the selec- 
tion of logos, posters, and designs 

• Inviting volunteers to ch2V)eron field trips 

^ Requesting help in gathering materials for 
science e3q)eriments and activities 

Science supervisors must also work for ca* 
operation and support from local industry and 
businesses. To t^e advantage of this support, 
however, science leaders need a dear defini- 
tion of their program goals. A welklefined 
program makes it possible to evaluate commu- 
nity resources and use those inMch ar& appro- 
priate to the goals of the curriculum. 

There tnay be times when science 8upervi> 
sors need to redirect efforts of the community. 
For example, if a group who wants to woric 
with the school offers materials counter to the 
science program's philosophy, the supervisor 
will have to help the group understand the 
direction that science education is going. ^dO- 
ful persuasion can make the difference betw^ 
an advocate and an adversary. 

Science educators have to be willing to teach 
the public along with the students and to in- 
vohre the conuntmity in its schools. 

Support from Teachers 

Science curricula imposed from the top do 
not always succeed. If *^"^chers are not con- 
sulted about curriculum chari ^s, the chances 
ofthe science program's succes Jiminish con- 
siderably. Involving teachers in the design of 
the science program lets them make sure their 
concerns are met, lets them ''own" the curricu- 
lun, and makes implementation easier. Teach- 
ers know how things work in the classroom. 
There are several avenues to invohre the teach- 
ing staft 

• Contract with teachers to write foil curric- 
ula or specific activities. Textbook series or 
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programs can be purchased; however, to local- 
ise the curriculum, have teachers construct 
aupidemental units to r. lake the instruction rele- 
vant to the area. Curriculum writing acthdties 
can build a cadre of experts: If a teacher has a 
problem witti a q)ecific part of the unit, she or 
he has a ~ nmary source of information at hand. 

• Promote invohrement through committee 
work. Making decisions abouc curriculum, 
teats, and imjects should not be one person's 
reqxmsibOity. Discussions about what science 
education should be can improve science of- 
ferings. 

• Encourage membership in science educa- 
tk>n (M:ganizations to foster professional growth 
and communication among teachers. Such or- 
ganizations support their members and are 
Jble to solve problems beyond the control of 
individual teachers. Membership in a hrger 
group can build a sense of professional pride 
and identity. 

• Work with local colleges and universities to 
highlifi^t the research they are doing, as well 
as to parddpate in joint projects and grant pro- 
posals. 

• Recruit postsecondaiy faculty as advisors 
and committee members. 

The Role of the Science 
Supervisor 

A. science supervisor has a conq)lex, multi- 
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faceted job, full of day-to-day tasks and the 
challenges of working with many groups. 

To be effective agents of change, supervi- 
sors should 

• Develop wise time-management habits 

• Develop a support system of sdence educa- 
tors who are both visionaries and workers 

• Make time to read and keep up to date in 
science and sdence education 

• Become actively involved in professional 
oiiganizations, especially the National Science 
Supervisors Association and the National Sci- 
ence Teachers Association 

• Exchange ideas with colleagues from across 
the country 

• Work with supervisors from other disci- 
plines to foster cooperation and interdiscipli- 
nary ^proaches to teaching and learning 

There are too many variables to guarantee 
the conq>lete success of any science program, 
but knowing the tasks and putting in time and 
effort can certsdnly help to make science 
meaningful for students. Central administra- 
tion, the school board, teachers, colleges and 
universities, and the commtmity must join to 
deliver an exenq)lary science education pro- 
gram. This kind of support doesn't just hai> 
pen; it is a resuh of persistence, creativity, and 
plenty of hard work. 



(Yearbook.) Alexandria, VA: Association for Supervision 
and Curriculum Development 
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science is difficult, especially if 



students are to learn the processes of scien- 
tific investigation through handson acthdties 
and eq)erinients. Difficult, but not impossible: 
maoy thriving science i»x>grams are tfie direct 
result of the hard work and long hours of 
dedicated teachers. ^Vhat makes these teach- 
ers wining to put forth their best, while at 
other schools, tsachers compete to see who 
can be die first to leave after the last bell rings? 

The answer is sinq>le: if teachers are proud 
of dieir program and see the tangible results, 
die rewards of their efforts, then they will do 
any amount of work necessary to maintain that 
program. 

For die science supervisor or administrator, 
die questton then becomes how do you help 
teachers maintain a good program? What sup- 
port, resources* leadershin, and intangibles are 
required to keep a good program going? Lefs 
firrt exanune some of the key elements of a 
good science program. 



Some Key Features 

of a Good Science Program 

A good program includes the following fea- 
tures: 

• A sU^tkat works together. Whether the staff 
is large or small, programs function best when 
everyone invoked contributes their imique 
skills and expertise; synergism is a tremen- 
dous multiplicative force. 

At a Southern California Junior high school, 
the science stc^met every day during lunch to 
plan future science lessons. Several members 
would assist each other in gathering ari organ- 
izing the materials for the laboratory activities; 
others would be preparing or revising the home- 
work, written work, and tests. Since only two of 
the five classrooms were equipped with lab fix- 
duties, scheduling classes into ike labs at appro- 
t ^ate times was tricky but possible with a let of 
coi^peration. The teachers worked together in a 
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truly supportive, pro/tssional fashion. 

• Opportunities for teachers to gain new ideas. 
To prevent stagnation, even good teachers 
need to attend workshops and conferences to 
assess their own programs and gain new ideas. 
In their search for exemplaiy science pro- 
grams, review teams consistently find that the 
teachers invoked rarely feel that their pro- 
grams, however exemplaiy, have attained their 
full potential; the teachers always believe 
something more needs to be changed or added. 

The science staff, often as a who'^, regularly 
attended various science conferences and sum- 
mer institutes to pick up new ideas to enhance 
their program. Obviously, they did not feel their 
program was the l^est," nor did they shun new 
ideas. 

• Administrative support and encouragement 
If a science program is to have an adequate 
budget, scheduling, resources, facilities, and 
favorable publicity, it must have proper admin- 
istrative support Most importantly, adminis- 
trators who are proud of their science pro- 
grams will be more willing to provide that 
support and the means for their maintenance. 

Vie staff has now dispersed; Oie department 
chairpe^n left in disgust, while several other 
teachers have tran^rred to other schools. The 
main reason: lack of administrative support. 
The principal, for whatever reasons, had sched- 
uled different lunch periods for the science staff, 
cut their budget, and restricted the number of 
classroo/ns available for shifting classes between 
the labs and regular rooms. 

• Tangible benefits to stt 'mts. The success of 
any program can only be measured by the 
benefits students derive from it Students in 
good science programs demonstrate a more 
positive attitude toward science, i orform sci- 
entific tasks more competently, and have a 
better conceptual understanding of science. 

Many otiier features could be added to tiiis 
list NSTA has made a valuable contribution to 
science education by publishing monographs 
describing exe^^)lary science programs. Con- 
cerned educators should focus on the key 



features of those exemplary programs and 
adapt them to fit Iheir situations. 

The question still remains: How can such 
programs be kept elive? Theodore Manolakes 
(1975; describes several basic roles common 
to most curriculum supervisors. Specific ex- 
amples of these general functions are included 
in tiie following section, togetiier with some 
suggestions. 

The Supervisor's Roles 

The supervisor as seed planter 
and program extender 

According to Manol/ikes, supervisors **might 
not see their ideas initially accepted or imple- 
mented, but this is part of the seeding process. 
Hme, interaction, and an evohdng situation 
often lead to eventual acceptance and implem- 
entation" (pp. 5J- 54). Such "seeds" might take 
the following forms: 

• New, creative forms of staff development 
For example, San Francisco secondary science 
teachers had a unique opportunity to partid- 
pa e ui a workshop presenting a curriculum 
supplement developed by New York City 
schools. The supplement correlated written 
materials witii all 12 segments of David 
Attenborough's ihe Living Planet series on 
public television. Two factors made tiie work- 
shop unusual: (1) the joint collaborative ef- 
forts of the San Francisco Zoo and California 
Academy of Science (teachers spent a half-day 
at each facility); and (2) the classroom sets of 
tiie supplements, plus teachers' guides, color- 
ful posters, and student handouts teachers re- 
ceived at the end of the workshop.Teachers 
were obviously excited and well-prepared to 
integrate portions of the series into appropri- 
ate sections of their course. 

• Old forms of curriculum/staff development 
with new twists. Most districts will allocate 
funds for textbook selection/adoption work- 
shops and meetings. Those opportunities 
should be enhanced by building time uito the 
schedule to provide staff development and 
networking/sharing possibilities. 
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• Cooperative plans with site/district admin- 
istrators. Administrators' mterest in science- 
rdated curricuhmi and staff development rises 
prior to, dunng, and immediately after a dis- 
trict science te3ctt>ook adoption. This is the 
time to plant tiie innovative seeds that will 
make tfiose curriculum and staff development 
plans more successful, and ensure sustained 
support 

• New student programs with a subtle staff 
develoimient component A select number of 
Ugh school students are partknpating in a sci- 
ence enrichment program on weekends at the 
Marin Headlands area just north of the Golden 
Gate Bridge. While the primary beneficiaries 
are students, several San Francisco high school 
teachers serve as instructors, teaming with the 
Headlands Institute staff. The emphasis is on 
fiekl bk>k)gy, and the program provides an 
excellent opportunity for these teachers to 
practice teaching methodologies that are usu- 
ally difficult to implement within an urban en- 
vironment These teachers also have an oppor- 
tunity to interact with, plan witii, and learn 
firom other sdence educators. 

• Innovative incentives. Earthwatch, a program 
in which teachers, businesspeople, and other 
interested individuals participate in scientific 
research trips throughout the world, is now 
available to San Francisco teachers. Scholar- 
ships that cover all or nearly all of the total 
costs have been awarded to four teachers each 
summer for the past several years. The selec- 
tion criteria includes the willingness of the ap- 
plicants to share what they have learned with 
their students and colleagues. For many sci- 
ence teachers, this is their first opportunity to 
partkrlpbte in actual scientific research. 

The supervisor as tec!mical I Iper 

Much of the time supervisors spend with 
teachers and administrators is devoted to serv- 
ing as the "^expetf in science-related curricu- 
hun and staff development matters. Teachers 
may request suggestions for curriculum ideas 
for specific topics, such as marine biology. Ad- 
ministrators may need assistance in setting up 

:ERiC 



appropriate curriculum develoixnent sessions 
for their teachers to revise their current scope 
and sequence. When outside expertise is re- 
quired, the following suggested sources may 
be valuable. 

• Woricing relationships with nearby colleges 
or universities. For example, a sununer insti- 
tute program for middle school science teach- 
ers was cosponsored by the San Francisco 
school district and San Francisco State Univer- 
sity. The district science consultant prodded 
the technical expertise, w'^ile the participating 
college professor complemented the program 
with his clinical supendsion experience dur- 
ing the practice teaching phase. 

• Federal and/or state resources. The Na- 
tional Diffusion Networic, a Department of Edth 
cation program, pro^des information and tech- 
nical assistance on validated exemplary cur- 
riculum and staff development programs. 
Several science programs firom the Networic 
have been adapted for use by San Francisco 
teachers. 

Hie California State Department of Educa- 
tion has developed several publications to 
provide teachers and administrators with K-12 
science education curriculum guidelines. One 
notable document is the State Sdence Adden- 
dum, a supplement to the State Framework 
specifying tiie science content and process 
skills that should be taught to students in K-12. 
It is used as the basis for state textbook selec- 
tion criteria and item selection for the state- 
wide testing program. 

The supervisor as a personal support 
person 

Perhaps the most important role the supervi- 
sor can play from an iiulividual teacher's point 
of view is that of an interested and supportive 
person, a professional who meets the teacher's 
real need for an ally with whom to talk, share 
problems, and receive positive encouragement 
Such a role might mdude the following activi- 
ties: 

• Development of professional relationships 
with site administrators. Administrators often 
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need support and encouragement, too. An un- 
intentional result may be the administrator's 
greater understanding of and increased sup- 
port for the school's science |MX>grams. 

• Staff development programs that sun>ort 
science teachers, especially those without a 
strong science background. Nearly half the 
present San Francisco middle school science 
teachers do not have a ni^or or minor in a 
science ^rea. Cor^ ,aently, a program was 
developed to identify school teams of these 
teachers and imvide both technical and per- 
sonal support In addition to relevant work- 
shops, the district science consultant obsenred 
classes and provided the personal sun>ort 
essential to teachers unsure of their content 
area. 

• Special support for new teachers. The re- 
search is clean Nearly 50 percent of all new 
teachers leave the profesaon after three years 
or less. With the current and continuing short- 
age of qualified science teachers, all possible 
efforts should be mustered to assist and facili- 
tate the difficult transformation from neophyte 
to competent teacher. The San Flrancisco 
school district is now con^dering a 1>egin- 
ning teacher^ program: the key elements will 
include technical and personal assistance with 
classroom management and discipline, as well 
as effective teaching strategies, such as mas- 
tery teaching and cooperative learning. 

• Links with the local teacher education pro- 
grams. If you have the on>ortunity to serve as 
instructor or consultant to a teacher preparar 
tion science methods course, take it! Working 
with enthusiastic, idealistic, prospectwe teach- 
ers is fiilfilling, and establishing important 
personal and profesdonal relationships with 
them will pay off when thqr have their first 
teaching assigmnents. 

The supervisor as expediter 

No matter how effeiive the program, teach- 
ers need someone to help them, at times, with 
such basic requests as ordering tes' ooks or 
sup^'lies. The solution to such a small but criti- 
cal concern may be simply providing the latest 
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catalogs or prices. More significant efforts 
might invoke circumventing district or school 
policies that impede the implementation of 
certain programs. Supervisors shoukl be skilled 
in assisting teachers in negotiating some flexi- 
bility with their administrators without disre- 
garding the mtent of those policies. Some 
examples: 

• Assisting teachers with field trip pkuis. Dis- 
trict policy may prohibit mandatory field trips 
that unpose student fees to help cover costs. 
At one San Francisco high school, a tidepool 
field trip was made a science clubnsponsored 
(rather tlian course-sponsored) activity, and 
was considered optional, with am)ropriate al- 
ternative assignments: as a result, over 90 
percent of the biology students were able to 
go by paying a small ^Voluntary* field trip fee. 
It has since become a course tradition. 

• Assisting teachers ui obtaining their release 
from classroom assignments to either visit 
other schools or participate in stafC/cumcu- 
lum develoiHnent efforts. A regional NSTA 
convention was hekl in San Francisco some 
years ago. To ixDvide substitutes so that some 
of teachers couM attend during school hours, 
the San Francisco district curriculum coordi- 
nator was persuaded by the science consultant 
that letting teachers attend was a cost-effecth^e 
means of providing staff training. The consult- 
ant subsequently had to canvass all 28 junior 
and senior high schools, prepare a detailed 
board resolution, listin^ all of the teachers that 
would be released; i4)pe«ir at an evening board 
meeting to sun>ort the resolution; and woric 
with the personnel office to ensure that an 
adequate number of substitute teachers for 
each of t!ie schools was available. In many 
cases, substitutes covered for two teachers so 
that each couid attend for a half-day. All the 
work was worthwhile because the teachers 
came back excited and recharged with new 
ideas. 

The supervisor as infonnant and 
conuniinication stimulator 

Facilitating the flow of relevant information 
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between teachers is important; encouraging 
netwoiidng among teachers with similar con- 
cerns or interests leads tc cooperative eff )rts 
and higher quality results. Such schoob;^de 
networidng tasks would include: 

• Establishing and maintaining regular means 
of communication among teachers of similar 
faiterests. Monthly high school department 
head meetings are common in many districts. 
Representatives from the 16 middle schools in 
San Francisco also meet on a regular basis* 
and elementary science resource/mentor 
teachers have met occasionally. Elementary 
princq>als of schools invohred in a special e!e- 
roentaiy science inq)lementation program have 
met and currently network with each other. 

• Encouraging and publicizing teachers with 
creative ideas that ma>^ be applicable to other 
schools. Several mentor teachers have offered 
workshops on their newly-developed curricu- 
lum ideas. By knowing the needs of teachers 
in simihr teaching situations at different 
schools* the supervisor can make personal 
contacts prior to the workshops to encourage 
these teachers to attend relevant sessions. 

• Esqmding existing programs by encourag- 
ing more teachers with congruent interests to 



participate. The San Francisco Middle School 
Science Fair began with 4 teachers at 2 differ- 
ent schools. It has now expanded to 6 schools 
and 12 teachers who have the opportunity to 
share ideas on how to effectively conduct 
school fairs* assist students with projects, and 
establish judging criteria and procedures. 

• Keeping administrators informed. Certain 
administrators tend to '^push" science more: 
keeping them well-informed of upcoming woric- 
shops* conferences* and other items of inter- 
est p^s off because they will encourage their 
staff to participate. 

Larry Cuban (1969) , a former director of staff 
development for the Washington, DC, public 
schools* argues against the existence of cur- 
riculum supervisors. He bluntly states: "The 
supervisors are powerless to cope with the 
concerns of teachers. ^Tiat teachers need — 
smaller cktsses* time to plan and think* oppor- 
tunities to analyze with others what happens 
in a ckissroom, freedom to experiment, and 
support for that experimentation — supervisors 
cannot pro^de" (p. 215). His skeptkism is a 
constant challenge to all of us who believe that 
science superdsors can make a difference with 
ttachers in the classroom. 
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IVJany variables influence the role of the sci- 
ence supervisor, district size, grade span 
saved, philosophy and appr . aidxes to learn- 
ing, avaOable resources, and the plethora of 
wideranfi^ topic areas in science. Even the 
job title— science supervisor-4s synonymous 
witti several science categories. Depending on 
tile school district invoked, the science super- 
visor niay be science consultant, director of 
science, department head, science coordina- 
tor, or be called science teacher with other 
work responsibilities. 

Regardless of the title conferred on the indi- 
vidual leading the science program, his or her 
primary goal is to bring about improvement in 
the total science program with the invoWe- 
ment of teachers, administrators, conmiunity, 
and an im>fessional channels. The avenues 
by which this is accomplished vary with the 
degree to which emphasis is placed on curricu- 
lum and instruction, staff development, peson- 
nel, staff management, school-conmiunity 
rel "^ons, school equiimient, outside resources, 
and other areas. This in turn is affected by the 
supervisor's working relationship and amount 
of communication with the staff, and his or her 
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creativity, initiative, and leadership style. 

The intent of this article is to present the 
role of the supervisor, from the author's point 
of view, in maintaining a viable science pro- 
gram at the local level. Ha^ng been a science 
supervisor in a local school district for 12 years, 
the author has discovered that positive, viable, 
and long-lasting changes are usually precipi- 
tated by the leadership qualities the supervi- 
sor brings to the program. For good or bad, 
the science program will eventually reflect the 
personality and qualities of its leadership. Ma- 
jor responsibilities rest on the supervisor's 
shoulders to make the program the best it can 
be. The efforte of the supervisor will affect the 
program's philosophy and goals, curriculum 
development, instruc^onal techniques, budg- 
ets, and human relations. 

Croup Participation in 
Successful Science 
Supervision 

Th e science supervisor must address the is- 
sues and problems affecting the science pro- 
gram. What direction is the science program 
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to take? What goals are to be accomplished? 
What topic areas are going to be included? 
What approaches and methodologies are going 
to be used? To answer these and other ques- 
tions, the participation of several groups — 
teachers, science supendsors, administrators, 
parents— is essential Good science supervi- 
sion demands that a statement of philosophy 
and goals be developed and put in writing. The 
supendsor must involve as many groups as 
possible that are influenced, either directly or 
indirectly, by the philosophy and goal state- 
ments. The philosophy is a beacon that pro- 
vides direction to the science program from 
the inception of curriculum design to actual 
implementation and evaluation. The supervi- 
sor's leadership ability is crucial in assisting 
the staff to translate the philosophy and goals 
into actual student learning experiences. Cur- 
riculum implementation must mirror the phi- 
losophy and goals established. 

A science program appropriate for one school 
district is not necessarily appropriate for an- 
other school district The needs of the com- 
munity and the makeup of the student body 
will influence the science curriculum. Also, a 
good science program wiU match its curricu- 
lum to the resources available at the local level, 
including nature centers, industrial sites, uni- 
versities and colleges, rivers and lakes, and 
human resources. 

Effective planning and an emphasis on cur- 
riculum development and revision is essential 
for good science supervision. The primary aim 
of science education is developing scientific 
literacy. Three parts conq)rise this goal: Stu- 
dents need to accumulate a body of scientific 
knowledge, understand the impact of science 
and technology on their daily lives, and recog- 
nize the importance of the role of science proc- 
ess in learning. The science program must 
include learning opportunities for all of these 
factors. 

There is a need to focus on not only the 
specific skills and concepts incoming students 
should know, but also on what students are 
expected to know when they move on to the 
next grade level. This is required in other sub- 



ject areas, and it is important for it to be done 
in science as well. Too often, science, espe- 
cially at the elementary school level, is rele- 
gated to the last few nunutes in the school 
day— if it is covered at all. In many schools, 
science is not considered part of the curricu- 
lum until sixth or seventh grade. 

In a viable science program, it is essential 
that science skills and concepts be planned, 
organized, and implemented in such a way 
that it becomes a sequential science program, 
K-12. A steady progression of learned skills 
becomes cumulative and allows for previous 
knowledge to be used to acquire further knowl- 
edge. The unplanned science program leads 
to the isolated learning of pieces of science 
that have little connection with each other or 
continuity for the student 

It is important that concepts/skills and ter 
minal objectives be fashioned at each grade 
level. Developing concept/skill cards for each 
level is one way to keep track of student un- 
derstanding and mastery of sdence concepts/ 
skills. This method allov/s the teacher to marie 
on the card if the concept/skill is being intro- 
duced, developed, rrMorced, or extended. 
Also, it pennits the teacher to track students* 
level of knowledge jf the concepts presented. 
The main advant'^ge of this system of record 
keeping is that \ provides the next grade level 
teacher with a general format of what con- 
cepts an^ ^Kills the student has been exposed 
to ara nis or her general understanding of 
those concepts. Additionally, this information 
allows the teacher to focus on the studenf s 
strengths and weaknesses. Using a number- 
ing system, the concept or skill can be keyed 
to previously identified laboratory activities that 
allow the teacher to match the concepts and 
skills to a process-oriented science program. 

The science supervisor has the responsibil- 
ity of woridng with his or her staff in establish- 
ing and maintaining a bakmce between the 
product and process of science. It is not un- 
conmion for science programs to emphasize 
teaching the facts, laws, principles, and theo- 
ries of science, with little or no inclusion of 
science processes. Science is more than ieam- 
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ing a predetermined body of knowledge. It is a 
process of letting student, act out their natural 
curiosity by e3q)erimenting and drawing con- 
clusions. Acting on Hie innate curiosity of stu- 
^ dents, the teadier can pro^e aq)eriences that 
aDow students opportunities to explore and 
explain their natural environment, thereby lead- 
ing them to devise and test their own explana- 
ticms of things encountered during the explo- 
ration. 

Science is not static: it is both a product and 
process and must be presented as such. Sci- 
ence must be recognized as a verb: it is the act 
of doing and investigating. This type of sci- 
ence allows ior real-world problems and is- 
sues to be addressed. To accomplish this end, 
die science program must use all the science 
process skills: observing, classifying, measu^ 
ing, commumcating, predicting, inferring, hy- 
podiesizing, and e3q;)erimenting. The role of 
die science supervisor in planning for a bal- 
ance between die proouct and process of sci- 
ence is not always an easy one. However, the 
person leading the program mu st be more than 
a facilitator; he or she must beccMne a partner 
with the teacher in establishing the program's 
phik>sophy and goals, the curriculum, and an 
evaluation program to insure that the overall 
curriculum is consistent with the identified 
needs of the student 

Effective Staff Development 

Another critical factor in nurturing the sci- 
ence program lies in staff development The 
supervisor is responsible for providing appro- 
priate experiences for the staff that will lead to 
more effective Krl2 instruction. Working with 
teachers, the supervisor must identify staff de- 
vetopment needs and arrange for a c(Hnpre- 
hensive staff development program aligned to 
the existing curriculum, its goals, objectives, 
and long-range plans. Providing the opportu- 
nity for teachers to meet both formsdly and 
informaOy to study, review current research, 
evaluate, and recommend solutions to science 
curriculum problems is or ^ key to nurturing a 
healthy science program. 

erIc 



An effective staff development program is 
continuous and built into die system. This ar- 
rangement prevents haphazard planning of 
workshops and inservice programs that may 
or may not be geared to die improvement of 
instruction. The supervision process should 
be sensitive to not only teachers as a group, 
but to individual teachers as well. This sensi- 
tivity should manifest itself in encouraging 
teachers to attend professional meetings, make 
IH-esentations, and take additional course work. 
A carefully planned staff development program 
is essential for maintaining quality and assur- 
ing real and lasting changes in the science 
program. 

Authority and Credibility 

Th e science supervisor, if effective, is able to 
speak with some authority and must have credi- 
bility as a spokesperson for the arena of sci- 
ence. The supervisor must have knowledge of 
different areas of science to be able to commu- 
nicate effectivefy with the staff. Without this 
foundation, the ability to serve as an effective 
leader is hampered. Local commitment for sci- 
ence education fraoi the board of education, 
for example, gives credence to the supen4- 
sor's role. The supervisor's credibility is fiir- 
ther enhanced through commitments and dem- 
onstrated leadership in professional organiza- 
tions. Attending meetings and presenting ses- 
sions that are pertinent to identifying or solv- 
ing issues ar problems facing the profession 
keeps the supervisor aware of new develop- 
ments in science education. The supervisor's 
participation in activities such as joint plan- 
ning groups, university-based seminars, task 
forces, and other group projects should be a 
high priority, as it helps keep staff members 
abreast of new developments that can affect 
the way thqr perform dieir jobs. 

Funding Sources 

Th e individual leading the science program 
must be not onfy supportive of a strong budget 
for maintaining adequate supplies, equipment. 
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and staff development, but also aggressive in 
searching for outside funding sources, such as 
the National Science Foundation and other 
governmental and private granting agencies. 
Discovering the priorities and focuses of these 
agencies and the areas targeted for improve- 
ment becomes important for the supervisor as 
proposals are prepared and submitted for pos- 
sible funding. Establishing links that lead to 
coo)ierative and collaborathre partnerships with 
busLiess and industry, colleges and universi- 
ties, and cultural and professional institutions 
and societies can all be used to strengt 4en the 
total science program. The supervisor can 
make these resources work for the program. 
(See "Grant Seektag: Searching For the Pot of 
Gold" in this volume.) 

Science Beyond the Classroom 

Oood science leader^l l^j must make avail- 
able opportunities for extracurricular activities: 
science fairs, science clubs, after-school and 
Saturday events, summer science programs, 
and science bov/ls. These opportunities a3ow 
students to reach beyond the regular class- 
room, which stimulates further uiterest in the 
field cf science. Extracurricular events serve 
as additional methods of making science rele- 
vant and meaningful, while simultaneously pro- 
viding an avenue for students to explore ca- 
reer opportunities. The positive feeUng engen- 
dered by these events is extremely valuable in 
facilitating communication between parents, 
students, and the school. 

Meeting Students' Needs 

One of the halbnarks of an exemplary sci- 
ence program 5s its ability to meet the needs of 
all students, whether they are average, gifted, 
or have learning difficulties. Science as con- 
tent, product, and attitude is interwoven into 
an exemplary program. Inherent in this ap- 
proach is a wide variety of choices made avail- 
able for students to meet their individual needs. 
Listed below are some examples of science 
programs initiated by teachers, administrators. 



and the author that allow students to e3q)lorc 
science in creathre ways. 

Environmental Education: An 
Experimental Problem-Focused 
broach for High School Students 

High school students exhibit vivid and genu- 
ine concern for environmental issues. The ju- 
dicious teacher attempting to channel this cu- 
riosity into truly compi Aenshre problenhfo- 
cased learning experiences may be inhibited 
when confronted with the oiganizational con- 
straints of the typical school day. To overcome 
such restraints, a community problem-focused 
summer school program was developed for 
secondary students. 

The new course, "Field and Human Ecol- 
ogir," (FHE) is offered as an elective. The < U'^s 
meets for six hours a day, five days a week, for 
four weeks. Successful completion of the sum- 
mer course allows the student a full science 
credit that can be used to fulfill graduation re- 
quirements. 

The overriding p rpose of this course is to 
provide realistic opportunities for high school 
students to become actively invoh^ed in deter- 
mining sources, investigating causes, and sug- 
gesting alternatives to conmiunity environ- 
mental problems. 

The initial segment of the course is devoted 
to developing and refining tiie skills and tech- 
niques to be used by students in gathering 
and interpreting environmental data. Next, 
students form study teams of two and three 
and select specific community problems for 
further research. Exan'ples of student research 
projects selected and conducted mdude mi- 
crowatershed studies, tlie detection and meas- 
urement of atmospheno pollutants, a survey of 
excessive sources of noise, and an analysis of 
the role of local, state, and federal agencies m 
proviHtn^r and maiiitaining environmental qual- 
ity. 

An n of the course time is spent 

outside th^ ciassroom. WiOi the high school 
serving primarily as home base, nearby uidus- 
trial sites, rivers, lakes, and areas of urban 
blight, among others, serve as mstructional 



ffHB SCIENCE SUPERVISOR'S ROLE AT THE LOCAL LEVEL: A TENNESSEE MODEL 



51 



K tupport ftcQities tfiroughout the course. Visits 
K to these fMriUties are designed to provide stu- 
^^ilentB widi firsthand opportunities to make 
fep obaovations and collect data relevant to local 
K environmental prdblems. 

To provide a balanced view of the trade-ofib 
W mi aUemat^es which must be considered 
jk. when confronting many envii*onmental proh- 
^y^fems* community resource personnel indud- 
mj iog local industrial and business reiH^nta* 
^ tives, are invited into the classroom for discus- 
8k>n with students. Further clarifications of 
W opposing views on specific i^oblems are ob- 
K titeed by student-an^anged interviews with en- 
m^- vironmentalists, industrial leaders, and dty of* 
m fidals. 

m- Students partidpating in the course have 
1 tiiree nuyor re^nsibilities: (1) an indhddual 
^ reqwndbility; (2) a small group study team re 
W vonsibility; and (3) a responsibility to the 
P group as a whole. 

i; The iiidhddusl student assumes the fdllow- 
I ing re^nsibilities: (1) to read pertinent books 
I and artides, assigned and uuassigned; (2) to 
I woric within the frameworic of the small group 
research team; and (3) to communicate study 
condusions to the total group. 
[ To obtain closure and aid in e/aluating over- 
[ an course inqyact, study teams submit a final 
[ project report Each team uses the following 
r format to conduct and report its conmiunity 
study: (1) brief history of the problem under 
investigation; (2) record of the data collected 
^ and the methods utilized; (3) conclusions sup- 
ported by findmgs; and (4) specific recommen- 
dations as to how the local problem can be 
sohred. Copies of these final reports are for- 
warded to the appropriate dty offidals, local 
industries, and tlie Environmental Protection 
Agency. 

The author believes one note of caution is ui 

r order for science educators considering such 
an approach. A single course in no way consti- 
tutes a comprehensive environmental educa- 

^ tion program. Rather, a course can serve as a 
foundation tor the development of a total pro- 

l gram or a method of broadenmg the scope of 

K the existing program. 



Sdence Partners Program 

The pimary aim of the Science Partners Pro- 
gram is to encourage exploration of science in 
everyday life and to increase parent interac- 
tion with the student To accomplish this goal, 
student and parent(s) woric together to com- 
olete 15 sdence-related activities at home. Ai 
information packet providing an overview of 
the program, agreement torms tor both stu- 
dents and parents to sign, instructions tor re- 
cording activities as they are completed, and a 
suggested list of ideas is sent to parents at the 
beginning of the year. 

If the student and parent (s) are interested in 
partidpating, th^ are asked to sign the Sci- 
ence Partners Agreement form and have their 
child return it to the teacher. The student agr ce- 
ment torm simply states that he/she agrees to 
woric with his/her parent(s) in completing at 
least 15 sdence-related activities It is further 
agreed that he/she will keep a record of each 
acthdty and provide a written record to his/ 
her teacher when 15 are completed. The writ- 
ten record indudes the name of activity, a brief 
description of what waa done, amount of time 
spent on project, and completion date. Simi- 
larly, the parent agrees to work with the child 
in completing all activities and agrees to pro- 
vide any required materials and/or transporta- 
tion. To help both the parent(s) and student 
identify !deas, a list of 40 suggested activities 
is provided. Parents have the options of se' act- 
ing from this list or creating their own activi- 
ties. The suggestions range from taking a '^eld 
trip" through the kitchen and looking tor ex- 
amples of various simple machines to walking 
through the neighborhood and making a list 
of examples of physical and chemical weather- 
ing and discussing what could be done to 
prevent or slow weathering. 

As each acthdty is completed, the student 
has the responsibility of sharing his or her ex- 
perience with the class. If the program is 
completed, the students are presented with a 
certificate and snu ^ trophy at the end of the 
school year. The Dnuiusiasm generated by par- 
tidpating parents adds excitement not only to 
the elementary curriculum, but also contrib- 
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utes to a positive atmosphere in the total school 
program. 

Summer Science ChaUenge Program for 
ElementBiy and Bfiddle Schoo! Students 
Providing opportunities for students to par- 
ticipate in summer school is an avenue that 
can be used to enhance and enrich any exist- 
ing science program, especially for elemen- 
tary and middle school students. The author 
has woiiced with teachers for several years in 
implementing a summer science enrichment 
program for students in grades 3-^. Hundreds 
of students who have demonstrated an acute 
interest in their regular science classes partici- 
pate in the program erch sunmier. Even 
though the participants are selected according 
to their interest, they are not all academically 
gifted. On the contrary, many are average and 
even below-average ability level students. They 
have one thing in common: a strong interest in 
science. 

Teachers make available information con- 
cerning the Summer Science Challenge Pro- 
gram (SSCP) J^arly in the school year. Based 
on interest and parent approval, sdl ^/e given 
an opportunity to participate. The primary 
purpose of the program is to foster insight and 
creativity for each participant in several a^as 
of science. Specific objectives of the pror^ram 
help participants become better science stu- 
dents by. 

• «.reating a greater interest in science 

• learning skills that can be carried ever into 
the regular classroom 

• creating famil'^t. v.:thh?ghscnool science 
facilities 

• becoming aware of high school science of- 
ferings 

«' working and sharing with students fron' 
other schools 

• allowing students to consider career choices 
in the sciences 

• becoming active investigators 

• learning laboratory safety skills 
Students in the SSCP attend classes for five 
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days, seven hours per day. Several weeks of 
SSCP are scheduled throughout the summer, 
depending on the number of students enrolled. 
The high school science laboratory facilities 
serve as home base. Since SSCP is geared to a 
Tiands^n" approach to science, students pay 
afee vMch covers cost of instruction, equip- 
ment, and consumable materials. Local middle 
and high school science teachers are employed 
as instructors for the program. 

The curriculum is arranged in a way that 
allows participants to investigate many and 
varied topics through laboratory experiments 
and teacher demonstrations. Students design 
and conduct their own experiments in order to 
answer a question or sohre a problem. They do 
not know for certain what the outcome of the 
experiment will be. Along with designing and 
canying out the experiment, they learn how to 
identify controls and a variable that can be 
manipulated. Further investigations altow stu- 
dents to record the results and draw tentative 
conclusions based on their work. The program 
covers chemistry, biology, and physics. Ex- 
amples of lessons include electricity and mag- 
netism, gases and air, and anatomy using dis- 
sections of fetal pigs, cows' hearts, and shades. 
Topics are selected based on student interest 
fiom past programs and availability of materi- 
als and equipment 

"^Sciencing^ Conferences for Students 

Opportunities for "sdencing'' that go beyond 
the regular classroom are provided through 
the vehicle of science conferences. These con- 
ferences are planned and implemented peri- 
odically throughout the school year, usually 
on Saturdays. The conference is housed in the 
local high school science jEadlity. The school 
auditorium accomodates the general meetings, 
while the small group sessions are held in the 
classrooms. Schedtding the conference on 
Saturd^ has two primary advantages: it al- 
lows all interested students an equal opportu- 
nity to participate, and it eliminates the school 
district's responsibility of having to transport 
participants to and from the conference site. 

Students at all levels are invited to partici- 



TVF avJATCff SUPERVISOR'S ROLE AT THE LOCAL LEVEL: A TENNESSEE MODEL 



pate; however, the programs are generally 
geared to the middle and high school levels. 

The primary purpose of each conference is 
. to give participants an opportunity to have 
contact with the latest developments m sci- 
ence* medidre» and engineering. A migor 
speaker sudi as an astronaut or nation^ 
Imown scientist is invited to sf^sk on a spe- 
cific topic During the same conference, ex- 
perto from across the country share and ex- 
diange ideas on the leading edge of science. 
Conferences have been held on such topics as 
innovative technology, biomedical engineering, 
compute ch^ fiituristics, genetic engineer- 
ing, and rob(^ics. 

C<Miference q)eakers are scheduled several 
months in advance, and many are willing to 
participate without an honorarium. If the sci- 
enod budget does not allow for bringing con- 
ference participants in from greater distances, 
usually local or regional experts in many fields 
of science are han>y to share their time and 
talents with students. 

A viable science progrc.ii is one that meets 
the needs of tite local community. Maintaining 
a viable scienct program requires the efforts, 
collaboration, and consultation ci teachers. 



supervisors, administrators, and conununity 
leaders. Instructional improvements must be 
the nuyor goal of both teachers and t!?e sci- 
ence supervisor. The supervisor works with 
teachers tomsd creating an environment that 
is conducive to nurturing and encouraging self- 
confidence, div^ty, and tolerance in the staff. 

To accomplish the program goals, new ideas 
should be encouraged and supported so that 
each teacher may feel a sense of importance 
and pride as the group's personality is estab- 
lished. Teachers Vriio feel a sense of owner- 
ship wi!I go that extra mile to demonstrate 
their purpose, commitment, and dedication to 
make the program the best it can possibly be. 
This includes woridng with students after 
school hours, teaching sununer school, hold- 
ing weekend science competitions, utilizing 
conununity resources, Sf^nding time on ex- 
tended field trips, assisting with curriculum 
devetopment, ami encouragingspedalim^grams 
for their students. The science supervisor 
should be aware of the fact that the effective- 
ness of any staff depends, to a large degree, on 
the effectiveness of its leader. In the final 
analysis, it is the science supervisor who influ- 
ences the persona! commitment, collective 
effort, and cooperation of the total group. 
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F'uch year, some 150,000 teachers graduate 
from over 1300 colleges and universities in the 
United States, many with advanced degrees in 
education. Yet, even with this concentration of 
effort there is a serious shortage of science 
and mathemadcs teachers in the nation's public 
and inivate schools. As a result, science and 
math are being taught by inadequately pre- 
pared or certified teachers. Sunreys are show- 
ing that as time goes on many of the better 
prepared teachers will leave the classroom for 
other professions. We need to overcome these 
im)blems and develop solutions dy consolidat- 
ing the efforts of higher education, the science 
supervisor* the elementary and secondary 
school conmiunity, and the private sector 

One strategy which has withstood critical 
ana^rses by an advisory group representing 
school systems, the university, and the local 
community is the North Carolina Mathemat- 
ics and Science Education Center Network, a 
program dedicated to strengthening the ongo- 
ing (M^fessional development of science and 
mathematics teachers. One of ten Centers in 
18 located on the Unhrersiiy of North Carolina- 
Chapel Hill campus, and has its own staff and 
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funding. This Center provides university sup- 
port to increase the supply oi .aiified science 
teachers and improve opportunities iu the field 
of science education. 

The Center was developed with the follow- 
ing goals: 

• To increase the quality and availability of 
mathematics and science teachers in North 
Carolina's public schools 

• To strengthen science and mathematics 
instruction in middle and high school programs 

• To sponsor basic research and development 
in madiematics and science education 

• To increase the effective use of educational 
technologies in all schools 

Science supervisors have played a key role 
ui the Center's development from the very 
beginning. Even before advisory boards were 
offidaUy created, area supervisors were pro- 
viding valuable advice and soliciting opinions 
from their teachers. Later, as advisory board 
mej ibers, science supervisors were instrumen- 
tal in shaping the role the science education 
center would play. 
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The Center for Science 
Education 

There are many wjys in which a university 
center for science education can improve local 
science teaching. Such a center can tap the 
best resources of a university and make them 
available to the public schools: It can coordi- 
nate resources from all sectors on campus, 
ranging from the Colleges of Arts and Sci* 
ences, to Colleges of Education, Engineering, 
and Medicine. Working with a center, science 
supervisors and other school administrators 
can examine and seek syyproaches that bridge 
the g ^ps bet>veen the needs of classroom teach- 
ers and the overall school system needs. 
Centers, then, are also uniquely able to com- 
municate these needs to higher education and, 
working together, all three sectors can pro- 
duce solutions. 

Science centers can take the lead in improv- 
ing science education by developing a variety 
of sup(K)rt options— academic course work, 
institutes, seminars, symposia, colloquia, and 
workshops on science content and teaching— 
for teachers and students. The following are 
examples of North Carolina's approach to 
consolidating higher* education's resources for 
the improvement of science education in the 
schools. 

Programs 

Centers, with joint planning from science 
supervisors, can focus on programs to update 
teachers' backgrounds in and underst ing 
of science content and metfiodologies. Pro- 
grams can be a sequence of courses that lead 
to certification and advanced degrees. In fact, 
the need for programs developed specifically 
for middle school teachers served as the ra- 
tionale for the creation of the Center concept 
in North Carolina. 

Five years ago, as a result of requests from 
a a supendsors and their teaching staff, the 
Center started a middle school mathematics 
and science program for teachers. The super- 
visors and teachers who made the requests 
helped Jesign the program and assisted with 
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end-of-course evaluations. 

The UNC-CH Center first looked at the 
middle school mathematics and science 
teacher education programs already in prog- 
ress, and began building from the point of 
teachers' needs. The strategy of this middle 
school program was to improve the quality of 
science and i^iathematics instruction by pro- 
viding teachers with a sequence of acadenuc 
courses; the cost of tuition was shared by fte 
Center and the school systems invoked. Th^ 
first course combined math and science em- 
phases for one group of carefully selected 
nuddle school teachers. During the semester^ 
half the time was devoted to science and sci- 
ence methodology and the other half to math 
and math methodok)gy. The objective was to 
pnmde an opportunity for participating teach- 
ers to receive instruction in both mathematkrs 
and science, lei ling to examination and dis* 
cussion of how t). ubject matter of both area^: 
was interrelated. At the end of the semester, 
however, evaluations revealed that teachers 
preferred one subject at a time to allow in- 
depth study of each area. These evaluations 
led to the development of two separate ongo- 
ing courses, one in mathematics and one in 
science. 

Institutes 

The various Centers of the North Carolina 
Networic and the Department of PtibUc Instruc- 
'ion cooperatively sponsor a series of summer 
institutes for teachers in all areas of science 
throughout the state. Mathematics and science 
teachers of grades six through nine enroll 
d ig the summer, usually for a five- to sbc- 
w ;ek session. Each institute has a unwer^ty 
faculty member and a master teacher from the 
public school system as instructors. Each 
teacher receives a stipend for attending, and 
earns course credit applicable to certification 
or renewal certification. 

Science supendsors are instrumental here, 
too, in makuig the program a success. They 
are invohred at the state level in funding pro- 
posals, and at the local level in course offe^ 
ings and participant recruitment and selection. 
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As the sdiool system contact, they offer their 
expertise, experience, and knowledge of the 
needs of botfi their system's teachers and 
students. 

Coitnes 

Summer programs alone cannot meet aD of 
the developmrat needs of mathematics and 
science teadiers. Therefore, the Center offers 
Vedfic course totk» designed to strengthen 
the content background and teaching skiDs of 
teadiers. Course tofks are selected by sd- 
enoe supervisors and teaiiiers thraiseWeS; and 
fKU8 cm areas such as botany, physkrs, and 
geometry. Courses organized through the 
Center at UNC-CH were taught by two uni- 
yfmity professors, one from the targeted con- 
tent area and one from the School of Educa- 
tk>n« 

Worlnhops 

Another area oi professicii^ develoixnent 
oflen requested by teachers deals with the 
presentation of spedal topics and issues. 
WcHkshops and seminars presenting programs 
on Advanced Placement Physics, Advanced 
Placement Chemistry, Advanced Placement 
Btobgy, and Advanced Placement Calculus; 
Add Riun and Air PoDutants ^mpositun. Sci- 
ence Laboratory Safety for Grades 7-12, and 
Pknoject Equals: Encouraging ^omen and 
Minorities in Nfathematics and Sdence, were 
aD onganized by the UNC-CH Center for area 
teachers. All were well-attended because they 
responded to a need articulated by the sdence 
supervisors and their teachers. School systems 
paid for substitutes and, in many cases, for 
travel to attend the programs. 

Curricubim Improvement 

Centers can be the catalyst for curriculun 
improvement, and curriculum devetoixnent 
projects provide supervisors and teachers with 
0 oportunities for leadership. One such project 
is the Marines Sciences Curriculum develop- 
ment project jdndy q)onsored by the UNC-CH 
Center, the UNC Department of Marine Sci- 
ences, North Carolina Sea Grant, and r^onal 



schools. Teachers, sdence supervisors, and 
university &culty are preparing marine sci- 
ences materials tfiat can be integrated into any 
of the sdences taught at the secondary level-- 
biology, phy^cs, earth sdence, and chemis- 
try, hi addition, they :ire correlated to specific 
performance objectives of the North Carolina 
State Department of Public Instruction Course 
of Study. The project indudes curriculum 
development, field testing, revision, inservice, 
dissemination, and evaluation. Four teachers 
and four sdence supervisors compose the team 
developing these materials. 

Support Services for Teachers 

bi addition to direct services for professional 
devetopment, centers for sdence education can 
prov^ * a variety of support and resource func- 
tions ^oT teachers. Several programs were 
developed through the UNC-CH Center to 
proiddc :iuiqx>rt for area tea'^hers. These in- 
duded a load biology teacher support group, 
a liotline" resource directory, and a materials 
information center. 

A biology teacher support group was formed 
by teachers ui sturounding schools and spear- 
headed by a umversity fiunilty member. The 
teachers wanted to create opportunities to meet 
with peers and discuss topics of concern. The 
group dedded to meet once a month at partid- 
patini; member high school sites, rotating the 
locatfon of its meeting to the different high 
schools in the area. At the first meeting of 
each year the group arranges the schedule 
and meeting sites and works with the univer- 
sity sdence education faculty member to lo- 
cate fakers ?nd various discussion materi- 
als. Word of the success of the group spread to 
sdence ^eachers in other areas, who have now 
formed ujnilar groups in both chemistry and 
physics. 

The Sdence and Mathematks Education 
Hotline'' is a publicatfon which lists UNC-CH 
specialists in the areas of mathematics, sd- 
ence, and health sdences. A listing of foculty 
members, topic of expertise, and contact tele- 
phone numbers is included in the publicatfon. 
These "^ lephone campus consultants'* allows 
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teachers to contact experts directly with any 
questions in the various areas of expertise. 
This resource was coordmated by the Center, 
compiled by Center personnel, and mailed to 
all local elementary, niiddle school, and secon- 
daiy schools. 

Another support sendee is the materials in- 
formation center, where teachers at all levels, 
including university faculty, ran request infor- 
mation on a wide variety of topics. This type of 
center service can provide information on 
topics such as tests in science, software, trade 
book information, textbook information, and 
many others. 

Support Services for Students 

Centers can encoun^ all kinds of student 
participation in science. One major means is 
through student science competitions. The 
opportunity for students to conduct ^uid pres- 
ent their research, meet with unwersity and 
private* sector scientists, visit research facili- 
ties, and compete with their peers is 
enormously valuable. The UNC-CH Center 
sponsors student activities such as the Junior 
Science and Humanities Symposium, the state- 
wide algebra contest, and various science fairs. 
These are all high^ regarded by students, 
teachers, and parents. 

Tutorial programs are another approach to 
encourage student participation in science. 
Centers can support graduate assistants work- 
ing as student tutors in order to complement, 
enrich, and svipport the instruction of regular 
classroom teachers. Students, through tuto- 
rial assistance, wil! be afforded a greater op- 
portunity to ^lore science concepts and skills, 
and examine practical applications to real life 
situations involved in the study of science. 

Research 

Centers serve another valuable function by 
sponsoring and conducting research in teach- 
ing and learning in science and mathematics. 
The UNC-CH Center is currently invoked in 
research projects on the prepciration of middle 
school science teachers, on teacher character* 
istics, and on science teacher burnout For 



each of these projects, a local science supervi- 
sor is co-director. 

Funding Support 

Centers, with their associations with univer- 
sities, are in a strategic position to seek exter- 
nal funding to support their efforts. Competi- 
tive grants and corporate gifts are their two 
major external funding sources. A recent trend 
in ftmding proposal guidelines is the notion of 
partnership, vMch encourages business, in- 
dustry, government, and community agencies 
to join the university in combined efforts to- 
wards improve science instruction in the 
schools. 

The existing middle school programs served 
as the UNC-CH Center's basis for seeking 
and obtaining corporate support for tuition and 
stipends. The Center, local and regional school 
personnel, and private corporations jointly 
developed strategies to support middle school 
mathematics and science ^eachers. The UNC 
Center received two gifts from the corporate 
sector to support this program. One gift was a 
computer laboratory from the IBM Corpora- 
tion, the other was a teacher fellowship pro- 
gram from the Carolina Biological Supply 
Company. Both conqianies contribute to exist- 
ing programs and stand as examples of how 
the corporate sector and the university can 
strengthen science education. 

For the Carolina Biological Program, 20 
mathematics and 20 science teachers have 
been gh^en the opportunity to participate in a 
three-year sequential program designed to 
update and strengthen content background and 
teaching skills. To guide development of this 
program, the Center convened a special advi- 
sory panel of science supervisors from local 
and state levels, representatives of the unwer- 
^ty, and industry representatives. This group 
makes policy decisions, and their recommen- 
dations are the key to the program's success. 

The Center recehred additional support 
through Tide II funding, which provided area 
teachers with a middle school botany program 
and a middle school integrated science pro- 



^ CSHTSRS FOR SCIENCS EDUCATION: A NORTH CAROLINA MODEL 



59 



gram. The botany prognmi provided teachers 
with 36 hours of dassrooiu, laboratoiy, and 
field activity to update both their knowledge of 
local flora and their teaching skills. The Inte- 
grated Science Program brought area teach- 
ers to campus for a >ear-long series of two^lay 
worksh<q)s on topk:s such as astronomy and 
diemistiy for the middle school curriculum. 
Once again, science supervisors were involved 
in an phases of imgram develc^ment, from 
content emphasis to meeting planning. 

These exanqdes of the partnership ventures 
could serve as models for the search for finan- 
cial suiq)oit fit>m the private sector and fund- 
ing agencies. 



Oenters can be valuable partners in the effort 
to inqirove the education in science and mathe- 
matics in Aiaerican schools. The examples 
cited are only a few ways in which centers for 
higher education can join with supervisors to 
strengthen the teachin'^ of science. There are 
hundreds of ot!iers. In eveiy one of these 
exanq)les, the science supervisors are advi- 
sors and participants, the Uiu with school 
systems, and an advisoiy group for center 
growth and development With cooperative 
ventures between school systems, universities, 
colleges, and the private sector, inq)rovements 
and reform in science education continues. 
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Ike Superintendent of Schools, Anycity, USA, 
recently expressed frustration to his science su- 
pervisor. He recounted how just two years ago 
the SHpervisor had convinced him of the need to 
change elementary science programs. The new 
program included much more emphasis on di- 
rect, concrete learning experiences for children. 
A teachers' committee had recommended the 
adoption of a new hands^n approach. After 
some discussion the superintendent had been 
able to convince the Board of Education that it 
was necessary to spf ' money on a new text, the 
materials and equ., ^ent needed, and the hir- 
ing of a consultant to conduct training for teach- 
ers during the August inservice. 

Now, two years afier the adoption of the new 
approach, in a meeting of elementary school 
principals, it has been reported to the superin- 
tendent Ouit boxes of equipment remain unopened 
and in storage. Classroom observations of sci- 
ence teaching reveal a didactic approach, and 
some teachers have not yet begun to use the new 
materials. 

•Why?** the superintendent asks. 

ERLC 



In this we sec C^e quandary which confronts 
many scieno ?rvisors. Science programs 
may be wisely sen or developed locally; 
initial teacher trai may be provided. The 
adoption process m even uiclude a strategy 
for establishing ''ownership" by some or all 
local teachers. Yet all of these actions cannot 
guarantee that newly adopted programs will 
be used in classrooms. 

Anycity School's experience ui science is little 
different from most schools. After more than a 
quarter century of signilicant national invest- 
ment ui science education, litde change has 
been observed. What have we learned from 
these past 25-30 years? It appears that pro- 
moting change through the development of 
programs and materials that work well for 
students is not enough to ensure that teachers 
will use them. Obviously, we do need updated 
materials from time to time, but merely pro- 
viding more new materials will not revolution- 
ize science teachmg. 

We believe that the problem lies not in the 
lack of materials, but in the lack of staff devel- 
opment, support, and assistance for teachers 
as they attempt to implement the new materi- 
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als and change their science teaching meth- 
ods. In short, the problem lies in the change 
process itself. The good news is that we know 
a great deal more now about how teachers 
implement change than we did one or two 
decades ago, and we know how to bring the 
process to its successful conclusion. This 
knowledge has come from itudying the effoils 
of schools implementing new programs, in- 
cluding programs on inquiry-oriented science. 
This chapter will fixnis on what we have learned 
about strategies for implementing nev: cur- 
riculum practices successfully, and will dis- 
cuss the facilitating role of the science supervi- 
sor, how change affects teachers and their 
science teaching behaviors, and a case study 
of a successful inq)lementation effort 

Understanding the 
Facilitator's Involvement 

Because of the disappointing lack of robust 
implementation of new curricula, staff at the 
Research and Development Center for Teacher 
Educatfon (R&DCTE) at the University of 
Texas at Austin studied teacher and school 
change (1973). These studies were designed 
to produce new imderstanding about how 
teachers change their classroom practices, and 
what is required to support their ef^-rts. Such 
studies have provided valuable insights for 
science feicilitators into how to bring about 
successful change, and the importance of their 
role in this process. 

Who Facilitates Curriculum 
Implementation? 

Th e initial studies of the R&DCTE involved 
teachers enjfaged in implementing new cur- 
ricular programs. Subsequently, in the Princi- 
pal-Teacher Interaction Sti'dy (PTI), the role 
of the elementary school principal was e3q)lored 
to identify principals' relationships to teachers 
and their contributions to the change effort 
(Hall. Rutherford, Hord, and Huling-Austin, 
1984; Hord and HaU, 1987). 
Because much attention in research journals 



and the popular press had been devoted to the 
importance of the principal m the change proc- 
ess, the R&DCTE studies were planned to fo- 
cus on what principals did that made them 
such an important factor. Other researches 
have confirmed the importance of the princi- 
pal's invoWement with teachers in science 
programs (Archer, 1970; Carlson, 1965).Tothe 
researchers' smprise, an unexpected diocov^ 
eiy was made during initial field woilc in ele^ 
nientary schools: principals were not the cn^y 
significant persons relating to and supporting 
teacher change. Additional school and central 
ofGce-based staff and administrators were par- 
ticipating with teachers and prindpab in im- 
portant ways. These persons were labeled the 
Second Change Facilitator (Second CF) (Hord, 
Stiegelbauer, and Hall, 1984); by virtue of their 
position, power, and influence, the principals 
were assumed to be the First CF. The term 
"facilitator^ was chosen veiy thoughtfully to 
^ly to these helping persons: regardless of 
who th ey were or where they came from, their 
role was one of assistance. 

Who are these facilitators who assist teach- 
ers in implementing new science and other 
teaching^practices in their classrooms? The 
PTI study looked into this question in three 
schools in each of three school districts: Ihree 
schools and their teachers were implementing 
an objectivesrbased mathematics curriculum, 
three schools worked with a handson inquiry- 
approach science program, and three elemen- 
taiy schools were adopting a writing compe- 
tency curriculum. In all these schools, the 
principals, to varying degrees, served as the 
Fl^t Change Facilitators. As stated earlier, 
however, there also were Second CFs. In all 
the elementary schqols in the PTI study, and 
subsequent studies of successful change in 
high schools, it was revealed that Second CFs 
were active in those settings as well (Hail and 
Hord, 1985; Hord and Diaz-Ortiz. 1987; Honl 
and Murphy, 1985; Hord and Rutherfbi-d, 1985). 
Sometimes the Second CF was the assistant 
principal; other school-based Second CFs in- 
cluded resource teachers, department chair- 
persons, or grade-level chairpersons. At the 
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district level. Second CFs, who were very in- 
volved witfi particular schools, were science 
supervisors/curriculu'^ coordinators, subject 
q)eciali8t8, or q)edfically titled science facili- 
tators. Interesting^, whether the Second CF 
was school-based or central-ofGce-based ap- 
peared to be related to the principal's ''change 
fadUtatinK style** (HaU, et al., 1984). 

In addition. Third CFs were identified in some 
of die schools. TVpically, these were teachers 
whose roles were less fomnalized but nonethe- 
less real to their peers and to the successful 
impleiiientation of hands^n science. How did 
aD these facilitators relate and woric. and what 
does this study say to the science supendsor? 
It reiterates what is conuncnly believed about 
die inqx>rt?jice of the school principal in effec- 
tive implementation. It also says that o\her 
p^wns widiin the school or district structure 
are important in affectirf implementation. 
Finally, it suggests a cooperative effort invohf- 
ing the supenisor and a building implementa- 
tion that includes the principal. 

What Do Facilitators/ 
Supervisors Do? 

The Principal-Teacher Interaction Study in- 
corporated a methodology for documenting 
the actions Qnterventions) that were made for 
curriculum implementation (Hall and Hord, 
1987; Hord and HaU, 1982; Hord, riaU, and 
Ziganrn, 1980) . These studies duounented four 
distinct categories of interventions as espe- 
cially significant for supportmg change: tfie 
supply of materials and logistical support; ade- 
quate inservice/training; monitoring; and con- 
sultation and reinforce^nent Arons (19C3) cited 
the lack of adequate i istical support and the 
lack of properly guided teacher inservice as 
''primary causes of the apparent failure of the 
new science curricula." The PTI study con- 
firmed that monitoring teachers' progress and 
providing one-toone consultation and problem 
sohing were needed for curriculum change 
(Hord and Huling-Austin, 1986) These foar 
types of interventions are briefly discussed 
below. 



Supplying Materials and Other 
ArruigemeiitB 

Inadequate logistical support can torpedo 
science teaching before it begins; on the other 
hand, appropriate and sufficient materials and 
equipment provide strong encouragement for 
science instruction. 

Teacher A: / um heartsick! I opened fhe 
Mystery Materials kit to plan for teaching it the 
following week, and the powders in the packets 
were in a mess! 'Who did this!", I was wailing, 
when into the building wal^"-' the district sci- 
ence supervisor, smiling, if you please. 'What's 
up, do you need some help?" Can you believe 
what she did—got it all straightened out in half 
an hour. It would have taken me days! 

Quality inquiry-oriented science experiences 
for students demand materials, eqmpment, 
space, and the careful organization and man- 
agement of these resources. An initial one 
time supply is not sufficient Science supeni- 
sors will need to provide resources on an 
ongoing basis. This may call for "creative" 
acquisition and manipulation of resources. For 
instance, one elementary science supenisor 
engaged volunteer parents to organize and 
assemble kits of materials for the teachers. 
Another high school supervisor '1)roadly rein- 
terpreted" the guidelines for spending avail- 
able funds in order to provide equipment to 
science teachers so they could make progress 
in implementation. Even when fiscal support 
is abundant, however, the logistics will be labor- 
intensive. 

Training 

There is a popular belief in the "Three Step 
Fable" which suggests: (1) give teachers the 
box of science equipment and printed materi- 
als, (2) provide a half-day orientation, and (3) 
bid them "(lod speed and good luck" (the 
implementation benediction). Though this 
strategy has been unsuccessful in the past, it 
continues to be broadly used — ^to the detri- 
ment of quality science teaching. 

Teacher B: This inservice session is a blast, 
and this workshop leader is making it all n^J,.e 
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sense, I just built a circuit board, and now lean 
really understand how batteries, wires, andbulbs 
can work t(^eOier. Vm beginning to understand 
rum how the kids will go about designing and 
conducting their investigations, and the insights 
they will gain from their like a scientisf* experi- 
ences. This program is dynamite-^/br me and 
ihem. Wait until next month when we get to 
come back to learn about velocity and falling 
objects. I'm impressing myself with what I'm 
learning. 

Training and teacher development, like sup- 
plying resources, must be continuous if teach- 
ers are to develop the competence and confi- 
dence to use an inquiry-based approach to 
teach science. Training should be designed to 
take into account teachers' individual needs 
and concerns (more about this in the next 
section); it should be tailored for developing 
teachers' understanding and skills and attend 
to adult learning factors. We can learn much 
about successful teacher inservice training, but 
we already know much about inservice train- 
ing that we are not using. 

MonitDring 

All supeivisors know that providing the ma- 
terials and resources for teaching science 's 
vital. Training, though often done pearly and 
inappropriately, has also been recognized as 
essential. What has not been given sufficient 
attention is the monitoring of teachers' work 
as they begin to change their practices. 

Teacher C: My principal came by my class- 
room yesterday after school. ''How's it going with 
the Earth Science unit?" she asked. 'What kind 
of assistance do you need?" I was, well, to put it 
mildly, stunned and delighted. I gave her an 
earful, essentially admitting that I was really 
having trouble. You'll never guess what hap- 
pened next— she l^ a note for me today saying 
that help was on the way. She must think science 
is as important as the basics! 

All of the PTI study schools were success- 
fully implementing new science and other 
curricula, and the teachers were monitored. 



Rutherford (1985) asserts that effective princi- 
pals are characterized by several behaviors, 
one of which is monitoring teachers' class- 
room work. Hall and Hord (1986) support the 
principal's role as an active facilitator and 
monitor but maintain that the important factor 
for implementation is that Oie process is moni- 
tored regardless of whether the {nincipal does 
it single-handedly, or has it done by some other 
facilitator/supervisor. Assessing specifically 
how progress is being made is vital to success- 
ful science program implementation. 

ConsuttBtion and Rrinforcement 

Some science supervisors have called this 
activity "comfort and caring" (Pratt, Melle, 
Metzdort and Loucks, 1980); Louis (1986) 
terms it "at-theelbow assistance." Whatever 
the label, it means interacting with teachers 
individually to help them soh^e their science 
teaching implementation problems. 

Teacher D: I've been so slow to catch on to 
how to incorporate science process into my sci- 
ence classes and provide the students with these 
hands-on experiences. My science "coach" vide- 
otaped my class and we analyzed it yesterday. 
Having someone to study it with me and provide 
insights into what was happening as the lesson 
developed was really helpful And he gave me a 
nice compliment for part of what I was doing! 

Consulting with teachers individually to pro- 
vide relevant and timely assistance contrib- 
utes to the development of their competence 
and confidence in using inquiry science pro- 
grams. Few teachers can become successful 
with new programs on their own. Clearly, this 
type of facilitation, including coaching, consul- 
tation, and technical assistance, is another 
integral part of the support teachers must have 
to implement new programs. 

In summary, we have spotlighted the essen- 
tial role of science supervisors and otiier sci- 
ence facilitators, and have suggested that these 
facilitators may come to this role from various 
positions within the school and school district 



Manaqing Implementation 
BasedTon Teacher Concems 

nOiose who have the re^nsibility to facili- 
tate dumge in science will surely agree that 
the four kinds of interventions— supplying ma- 
terials, adequate training, thorough monitor- 
ing, and consultation and reinforcement- 
provide a rational and systematic approach. 
Further, th^ are likely to concede that little 
attention has been focused on monitoring or 
providing consultation and reinforcement 

Intervention strategies must be shaped by 
the unkiue needs of teachers and local dis- 
tncts. In the past, the supervisors/ facilitators 
have had to rely on their intuition or on vague 
inq)lementation concepts such as ''ownership" 
to direct the implementation process. Science 
supervisors need to design interventions based 
on k)cal implementation data. The tools that 
can be used to monitor implementation and 
teachers' concern^ are presented in this sec- 
tion and the next 

Implementation has been the focus of a theo- 
retk:al construct known as the Concerns-Based 
Adoption Model (CBAM). The CHAM grew 
out of the woric of Fuller (1969), who studied 
the concems of preservlce teachers as they 
moved into student teaching. She observed 
that their concems evolved through a sequence 
beginning with concems about themselves 
(self concems), moving on to task concems, 
and culminating in impact concems. Subse- 
quent work by Hall, Wallace, and Dossett 
(1973) suggested that this sequence was de- 
Vebpmental, and tiiat it was useful in under- 
standing the concems of teachers as they 
encountered the introduction and use of inno- 
vations in their classrooms. 

The R&DCTE staff used Fuller's tiiree-step 
model to devek>p the seven Stages of Concem 
(SoC) about the innovation (See Figure 1). 

To provide a quantitative measure of SoC, 
the 35-item Stages of Concem Questionnau'e 
(SoCQ) was developed. The SoCQ consists of 
seven subscales with five items each. The data 
are converted to percentile scores by subscale, 
and each is plotted as a gi^^ph similar to those 



Figure 1. Stages of Concern About the Innovation 

0 AWARENESS: Little concern about or involvement with the innova- 
tion is indicated. 

1 INFORMATION: A general awareness of the innovation and interest 
in learning more detail about it is indicated. The person seems to be 
unwom'ed about hersetf/himself in relation to the innovation. She/ 
he is interested in substantive aspects of the innovation in a selfless 
manner, such as general characteristics, effects, and requirements 
for use. 

2 PERSONAL: Individual is uncertain about the demands of the inno- 
vation, her/his inadequacy to meet those demands, and her/his role 
with the innovation. This includes analysis of her/his role in relation 
to the reward structure of the organization, decision making, and 
consideration of potential conflicts with existing structures of per- 
sonal commitment. Financial or status implications of the program 
for self and colleagues may also be reflected. 

3 MANAGEMENT: Attention isf c*jsed on the processes and tasks of 
using the innovation and the best use of information and resources. 
Issues related to efficiency, organizing, managing, scheduling, and 
time demands are utmost. 

4 CONSEQUENCE: Attention focuses on the impact of the innovation 
on students in his/her immediate sphere of influence. Thefocus is on 
the relevance of the innovation for students, evaluation student 
outcomes, including performance and competencies, and changes 
needed to increase student outcomes. 

5 COLLABORATION: The focus is on coordination and cooperation 
with others regarding use of the innovation. 

6 REFOCUSINC: The focus is on exploration of more universal bene- 
fits from the innovation, including the possibility of major changes 
or replacement with a more powerful alternative. Individual has 
definite ideas about alternatives to the proposed or existing form of 
the innovation. 

Original concept from Hall, G. E., Wallace, R. C, Jr., and Dossett, W. A. (1973). 
de'^elopmental conceptualization of the adoption process within educational instnjctions. 
Austin: Research and Development Centerfor Teacher Education, TheUniversity of Texas. 
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Figure 2. Hypothesized Deveiopment 
of Stages of Concern 
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presented in Figure 2. 

The relative intensities of the subscale scores 
form a curve Ocno wn as a profile) , which makes 
it possible to interpret d:e concerns of irdi- 
viduals or groups. That interpretation's primary 
focus is on the most and least intense con- 
cerns. Figure 2 presents hypothetical patterns 
of four teachers with differing amounts of 
experience with an innovation. Thus, the inex- 
perienced teacher would be expected to have 
the most intense personal and intormadonal 
concerns; a teacher just beginning use would 
be expected to have most intense management 
concerns; and an experienced teacher vouW 
be expected to have more intense consequence 
and collaboration concerns. One can observe 
the aoparent wave motion of the peak (most 
intense concerns) fit)m left to right TWs shows 
how SoC is related to the teacher^s experience 
and supports the concept that concerns .are 
developmental in nature. It was hypothesized, 
and data suppoit the idea, that earlier intense 
concerns must be r^isoh'^^d before higher in- 
tensities at later stages can develop. These 
dat ire for an ideal situation: Actual concerns 
data may depart fi'cm these curves because 
lower-stage concerns nave not been resoh^ed, 
or because of some unique aspect of the inno- 
vation, or the respondent's perception of his or 
her role with r^ard to the innovation. 

How Can We Use Concerns 
Data? 

KnowLMge of teachers* concerns such as 
those re resented in the profiles in Figure 2 
can help direct the supervisor as interventions 
are planned. The supervisor begins by deter- 
mining the most intense concerns of users. 
Interventions are then targeted toward the reso- 
lution ot most intense concerns. For example, 
v hen the most intense concerns are about 
management, it is appropriate to assist teach- 
ers in knowing what materials and equipment 
are needed for which activities, how tJiey v/ih 
be supplied, how to distrilMte and coPect them 
during classroom use, and how to reorganize 
and store the.r for future use. Training inter- 



MANAGING CHANGE IN THE SCIENCE PROGRAM 



67 



ventldns should engage the teacher in the 
•liow-to" procedures of teaching the program. 
Plx)viding handdon training acthities that give 
teachers experience with the skills to be intro- 
duced to students helps management-con* 
cemcd teachers. The supervisor should moni- 
tor classroom activity to ascertain the current 
status of the teacher's management concerns. 
In the same way, consultation and reinforce- 
ment interventions should be planned with 
management concerns uppermost in mind. 
These individual consultation activities should 
foctis on those essential day-to-day skills that 
wiH help the teacher to sohre pj'oblems of pro- 
gram use, develop routines, and become or- 
ganized and systematic with the program and 
its demands. For a teacher who is concerned 
about management, a lecture on the philoso- 
phy of the new program or its value to children 
is a4>t to foil on deaf ear^these arguments 
are aimed at consequence concerns. Indeed, 
&uch a lecture might serve only to intensify 
lower-stage (personal) concerns. 

Teachers who are uncertain of their role in 
an innovation can be expected to have intense 
personal concerns, although they may avoid 
e3q>ressing such personal concerns. Therefore, 
supervisors will vant to be sensitive to these 
concerns and plan interventions that address 
them. Because the teacher with persona! con- 
cerns may be easily overwhelmed, a modest 
intervention agenda is m order. When pos- 
sible, the materials and equipment should be 
delivered in person by the facilitator/supervi- 
sor, who then should offer assistance. Know^ 
ing how to use the materials is an obvious 
need, but shorter, more frequent training ses- 
sions are more appropriate. Finally, the super- 
visor's frequent and regular monitoring will 
result in ongoing assessments of the teach ^^s 
progress and the change in intensity of per- 
sonal concerns. 

Personal concerns require much supervisor 
time, attention, and patience. Reinforcing what 
the teacher is doing with the program is a 
highly reconunended way to initiate a consul- 
tation session, because the personal-conce med 
teacher needs to build confidence. Demonstrat- 

ERLC 



ing focilitatcr "care and concern" in the con- 
sultation is likely to be very effective with this 
teacher. 

The usefulness of concerns data lies in their 
ease of collection for local implementation 
projects. In addition to the Stages of Concern 
Questionnaire, concerns data can be collected 
via an informal inteniew or by having teach- 
ers complete an open-ended concerns state- 
ment in writing. These procedures may be 
very valuable to the supervisor when one-to- 
one focilitation is likely, as would be the case 
where principals use concerns data to manage 
implementation within their school. 

Describing Appropriate Use 
of the Program 

Although the Stages of Concern concept has 
proven to be helpfiil in selecting and design- 
ing interventions that facilitate implementation, 
supervisors will recognize that there is more 
to the implementation process than knowledge 
of teacher concerns. R&DCTE staff examined 
the behaviors of teachers in terms of their use 
of innovations. The results showed that sev- 
eral patterns of teacher behavior '^meige as a 
new program is imple .anted: Some teachers 
modify portions of the program soon after 
adoption, while other teachers do not even 
attempt to implement the "adopted" program. 
Still other teachers begin by using only se- 
lected parts of the total program. Thus, class- 
room observatk)ns across a school or district 
can be expected to reveal a variety of patterns 
of the extent to which the teacher has used the 
innovation in the classroon:. To study the ways 
teachers use Jie various parts of the innova- 
tion in their classrooms, die concept of Inno- 
vation Configuration (IC) was developed (Hall 
andloucks, 1981). 

The IC can be thought of as a matrix, with 
the program components (usually materials, 
teacher's role, and student activities) o i one 
axis and 1-5 vaalations describing the differ- 
ent ways each compotient is observed to be 
used on the other axis. An example is pro- 
vided in Figure 4. Snce the IC is innovadon- 

7u 
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specific, it must be developed tor each innova- 
tion. The scheme for sudi development has 
been reported by Heck, Stiegelbauer, Hall, and 
Loucks (1981) and is illustrated in Figure 3. 

The generalized process for IC development 
is intended to ensure the inclusion of the de- 
veloper's viewpoint on the use of each compo- 



Figure 3. Procedure for Identifying Innovation 
Components, Variations, and Configurations. 



ACTIVITIES 



OUTCOMES 



1 . Review written materials 
describing innovation 



1 . General familiarity with 
innovation 



2. Interview developer for 
innovation components 
and variations within each 
component 



Interview and observe £. 
small number of users at 
?xemplary site to verify 
developer's component 
checldisi 

# 



4. Return to developer to 
distinguish between 
critical and related 
components; determine 
decision points for 
"desired/' "acceptable," 
and "unacceptable" 
variations 



5. Interview large number of 
"users" in different 
adopter sites 



3. 



2. Preliminary checklist of 
innovation components 
from developer's 
perspective with examples 
of variations; interview 
questions and probes for 
exemplary site 

w 



questions to ask of 
developer 



4. Final component checiclist 
with variations and decision 
points; interview questions 
and probes for interviewers 
to use in the field 



Data for use in developing 
"user" configurations and 
in characterizing 
innovations fiom 
developer's pe spective 



From Stiegdbauer, S., Hall, C. b.. and Loucks, S. S. (\9B}). Measuring inncn thn configura- 
tions: Procedures and applications, Austin, TX: Research and Development Cer.terfor Teacher 
Edufition, The University of Texas 
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nent This viewpoint usually constitutes a vari- 
ation labeled ''ideal.'* Other variations are 
usually designated as "acceptable" and "not 
acceptable." A goal in developing the IC is to 
include all variations that observers might 
actually see in classrooms. In other words, 
when using the IC one should be able to iden- 
tify component variations representing any 
classroom configuration of the uinovation. In 
practice, both the number of components and 
variations for each must be held Vy a woricable 
number, usually 8-10 components and 3-5 
variations. A simplified example of the matrix 
format for the iC is provided in Figure 4. 

The IC is useful to the supenrisor for analy- 
sis and decision making. The heavy dark line 
separates tiie "ideal" variations from the 
nonideal variations. This separation enables 
the science supervisor or facilitator to com- 
pare classroom use of the innovation to "ideal" 
use. The reader will note that more tiian one 
variation may be "acceptable" though not 
"ideal." ^Acceptable" variations are listed be- 
tween the solid and broken lines. All practices 
to the right of the broken line are "not accept- 
able." 

U^e of the iC 

The matrix lorm of the IC can be the basis for 
an interview with a teacher, with the inter- 
viewer simply mar^ 'Jig tiie variations tiie 
teacher reports using. Alternately, the n itrix 
for the IC can be ccuv* tried faito a question- 
naire with the vaiiaH<.rts lif^ted under each 
component, and teachers can te asked to mark 
the variation that most closely approximates 
their use. Beyond this, the IC has a variety of 
i ^s. 

Choosing and Shaping Interventions. Com- 
paring responses to the relative values of the 
three kinds of variations ("ideal," "acceptable," 
and "not acceptable'') will suggest appropriate 
interventions to support tlie implementation 
to the supervisor. For example, if teachers were 
demonstrating learning activities and this was 
judged "not acceptable," then the supervisor 
will want to investigate why and target inter- 
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Figure 4. Science Program Configuration Checldist 



IDEAL 



Component 1: Units Taught 
(1) 

All units and most activities are 
taught 



Component 2: 
Use of Materials 

0) 

Students are constantly 
manipulating science materials 



ACCEPTABLE 



r 



(2) 

Most units and activities are 
taught 

1 

I 



NOT ACCEPTABLE 



(3) 

Some units are 
taught 



(4) 

A *«>w selected 
activities are taught 



(5) 

No units or 
activities ^re taught 



(2) 

Selected students only and 
the teacher handle the 
materials most of the time 



(3) 

Typically, the 
teacher does 
demonstrations and 
the students watch 



(4) 

No materials are 
manipulated by 
students or teachers 



Component 3: 
Student Groupings 

0) 

Students work individually and 
in small groups 


-1 

(2) 

Students are kept in 3-5 
permanent groups 


"1 

1 the whole class is 
1 taught as a group 




Component 4: 




l_ 




Process/Centent Emphasis 






(4) 


(1) 


(2) 


(3) 


1 Memorization of 


Science content and science 


Science content is given 


The processes of 


1 facts and reading 


processes are emphasized 


major emphasis 


science are given 


1 about science are 


equally 




major emphasis 


1 emphasized 


Component 5: Assessment 

0) 

All TSP asse>sment activities are 
used 


(2) 

Some TSP assessment 
activities are used 


' Teacher-made te^ts 
1 are used all of the 
1 time 


1 

(4) 

Learning outcomes 
are not assessed 



ventions to assist the teacher in allowing stu- 
dents to manipulate materials. That might be 
as simple as unlocking the equipment closet 
or as complex as helping the teacher learn to 
manage an activity-based program. 

Monitoring OveraU Implementation, An IC 
frequency data summary provides the supervi- 
sor with two kinds of information: (1) an over- 
all picture oi how the innovation is being op- 
erationalized, and (2) a component-by compo- 
nent breakdown of use along the spectrum 



from "ideal** to "not acceptable.** IC data are 
alsc used to examine implementation on a 
classroom-by-classroom basis for predomiriant 
patterns (configurations) of use. The ICs can 
be sorted according to subgroups composed 
of individuals ^ith similar usage patterns. For 
example, these results might show that inex- 
perienced teachers were all having problems 
wiih managing the material, or that particulaf* 
teachers were not invohdng students in labora- 
tory. A training intervention might then be 
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designed according to subgroup needs. Ex- 
amination of IC data will reveal that not all 
teachers are using the program in the same 
way and that the same interventions are not 
likely to be appropriate for all teachers. 

Focusing District Resources on a Particular 
Component. By examming the relationships 
between the variations for each component 
and student outcomes, the supervisor may 
decide to concentrate district resources on im- 
plementing those outcomes belie/ed to be most 
desirable. To asses, overall inq)lementation, a 
configuration "score" could be calculated by 
assigning a value of "3" to "ideal" variations, 
"2" to "acceptable" variations, and "1" to "not 
acceptable" variations. One must be aware that 
to do this is to force ordinal data into interval 
form. At best, these scores would seem to be 
only an estimate of inplementation. 

Communicating implementation Expectations 
to Teachers The IC can be used to communi- 
cate to teachers the district's expectations 
about the unplementation. The authors' expe- 
riences with numerous implementation efforts 
show that many teachers do not know how 
they are expected to implement the parts of a 
program. It would seem wise for the supervi- 
sor D enlist the help of teachers in deciding 
which variations are "ideal," "acceptable," or 
"HDt acceptable." 

Setting Implementation Goals, The IC can be 
used for cla&>room, school, or district goal 
setting— for example, in deciding which com- 
ponents should be implemented first Subse- 
quently, goals could be set along a time line 
for implementing oth'^r components. Alter- 
nately, a district could decide to stage the im- 
plementation across variations, with certain 
variations bemg labeled "acceptable" during 
the first year, but "not acceptable" during the 
second or third year, to encourage the staff to 
implement in a more "ideal" manner. Thus, 
the IC can help in planning implementation 
and serve as a monitoring device for the proc- 
ess. Curriculum facilitators will want to con- 
sider goal priorities and plan to move the proc- 
ess toward more ideal variations for each 
component 



The IC can be a valuable tool for assessing 
the nature and extent of program implementa- 
tion. Because the IC can usually be constructed 
on one or two pages, it is a convenient way to 
picture the implementation and to gather and 
summarize implementation data from large 
numbers of teachers. The reader will, of course, 
recognize an implicit assumption in the data- 
gathering process described here: V.Tien teach- 
ers are asked to report their use, it is assumed 
that the report i^ an accurate reflection of the 
situatk)n. This assumption seems reasonable 
provided an atmosphere of trust is present An 
altem9thre data<oUecting method would be to 
use the IC as a formal or informal interview or 
as an observation protocol. Still, an atmosphere 
of trust will be needed to gather reliable data. 
IC should not be used to evaluate teachers. 

In summary, SoC and IC can be used by 
science supervisors and other facilitators to 
monitor, design interventions, and manage the 
implementation of new programs. These are 
not the only tools available, but they relate to 
strategies that are research-based, provide 
convenient data-gathering strategies, and in- 
clude theory on which to base interpretations. 

An Example of an Effective 
Change tffort 

The tools and procedures outlined above have 
been used extensively to plan, guide, and 
monitor r* wide variety of implementation and 
maintenance efforts. One major application was 
the implementation of a hands-on (no textbook) 
elementary science program in Jefferson 
County Oeffco), Colorado Public Schools 
(Penick, 1983). Although Jeffco is a large dis- 
trict with 81 schools, the example illustrates 
the usefulness of the ideas presented here. 

Jeffco experienced many of the problems of 
Anycity during its initial unplementation of a 
modem science program in the early 19708. 
The revision of the program had been com- 
pleted by late 1977 and plans were under way 
to improve the use of the program in all the 
schools. At about that time a fortunate collabo- 
ration between the district's science supervi- 
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8ory staff and die R&DCTE University of Texas 
began. Both groups were convinced that an- 
other change of materials was not going to 
solve the problem. This time a great deal of 
efi6»t and support was going to be provided to 
he^ teachers make the changes necessary to 
use the program as designed. 

Most supervisors are cware, as in Anycity, 
that an inservice or orientation session is nec- 
essary before teachers begin to use the pro- 
gram. TypkaSfy, this session is conducted in 
late August or early September just before 
sduMl begins. Jeffico's science supervisory staff 
planned a similar s^roach to the implementa- 
tion activities^ but an inti'oduction to the Con- 
cerns-Based an>roach by the R&DCTE soon 
produced the more elaborate, long-term plan 
described here. 

The first step was to modify the three-day 
inservice program planned for the beginning 
of the school year by rescheduling the ses- 
sions three months apart In this way, the in- 
service program coincided with the units that 
Ae teachers would be using in the weeks that 
followed. This schedule also allowed for a dif- 
ferent aiq)roach in each session as participat- 
ing teachers progressed through the stages of 
concern while using the new program. 

Before the first insendce sessions were held, 
several important activities occurred. Fu^t, the 
i;)rogram was approved by the Board of Educa- 
tion, concluding a more than three-year proc- 
ess of piloting and field testing, and a series of 
review steps in which the pilot program's re- 
sults were evaluated by the ciuiiculum coun- 
cilt principals, and the superintendent's cabi- 
net The final step. Board approval, signaled 
that the process had been completed and the 
curriculum was now ready for implementation. 
It further communicated to all administrators 
and teachers the e3q)ectation that the material 
would be used. The results of this decision 
were widely publicized to teachers throughout 
tfie district, providing them with information 
prepared to help resohre their first staife of 
concern (awareness). The results answered 
Ae questions: *T)o I have to use it?" and 'When 
win it become part of the district program!* 



Because of the district size, the schools were 
divided in three phases and were to b^in tlie 
new program at different times, approximately 
a semester apart In the semester preceding 
implementation of the program, the participat- 
ing schools' principals attended a half-day in- 
service session in which they were ghren de- 
tailed information about the new program, 
materials, schedule of inservice sessions, and 
an overview of Stages of Concern. Principals 
were asked to carry this information back to 
their teachers and provide them with neces- 
sary awareness and information adout the new 
program, inservice dates, the schedule for start- 
up in their school, the arrival of new equip- 
ment and other logistical details. 

As mentioned previously, research on the 
Stages of Concern has clearly uidicated that 
most concerns at one level must be resolved 
or satisfied before concerns will emerige at the 
next stage. Research also shows that aware- 
ness, information, and personal concerns are 
usually most intense for teachers who have 
not yet become users of the new program or 
innovation. Management concerns do not 
develop until after the teacher begins using 
the new materials. Because of progression, a 
number of interventions and plenty of time 
were provided for teachers to work their way 
through the first three stages of concern be- 
fore the program began in their school. One of 
the it^jor interventfons designed by the sci- 
ence department was a ''pre-uiservice" session 
planned to address infomu ynal and persona! 
concerns. These sessions were held for a small 
number of teachers from one to two schools in 
a familiar setting (one of their own schools). 
The meetings were generally informational and 
informal; a department member or one of the 
pilot teachers described the new program with 
a slide tape presentation, outlining the plans 
for inservice, suggesting schedules for transi- 
tion to the new materials, and distributing the 
new teacher's guides. Tmie was allowed for a 
questfon-and-answer session Ln small groups 
so thit the participants could satisfy their in- 
formational and personal concerns. 

The first all-day inservice session was origi- 
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nally scneduled a week or two before teachers 
were expected to begin using ihe new units in 
their classroom, but the use of the Stages of 
Concern Questionnaire during the first phase» 
as wen as other feedback from the participants, 
indicated that management conceits could be 
better addressed if teachers first gaLied some 
e3q)erience in teaching a new unit and encoun- 
tered the problems of using materials in their 
classroom. When this timing was used during 
the second phase, the teachers were much 
more re^nsh^ to the time spent on manage- 
ment techniques in the first session. 

The science supervisory staff also anticipated 
that some of the teachers at the insendce ses- 
sion would have concerns at the consequence 
stage and wouM be less involved (concerned) 
with management issues. To address these 
teachers' concerns, self-paced instructional 
modules were made available for part of die 
inservice session each time. These modules 
were developed around student-focused top- 
ics, such as tfie sy^lication of Piagef s woric on 
science teaching, discus^on techniques, and 
the use of nonclassroom settings for teaching 
science. On the other hand, small group ques- 
tion-and-answer ses^ons led by an experienced 
pilot teac* were conducted for teachers who 
still had personal concerns. 

In the second and third inservice sessions, 
held approximately three and then sac months 
later, the instructors still used a handsK)n ap- 
proach to help teachers understand both the 
management and content of the new units, but 
more time was provided to deal with higher 
stages of concern such as consequence and 
collaboration issues. At one point before the 
first inservice session, and again several 
months after that session. Stage of Concern 
Questionnaires were administered to all teach- 
ers. The profiles were shared with all teachers 
and an interpretation provided Althougrh the 
data was primarily used to monitor the prog- 
ress of the teachers and the inpact of the 
inservice sessions, teachers who still had in- 
tense personal and information concerns were 
the first recipients of the "comfort and caring" 
visit by a member of the science department 



TVpically, these visits were not scheduled to 
observe teac' .rs teaching science but were 
arranged to occur during their planning ses- 
sions, lunch, or before or after school to help 
teachers deal with problems and concerns that 
they still had about the new program. 

Shortly after the three inservice sessions 
were completed for all schools, work began on 
two other nuyor projects related to the pro- 
gram's uiq)lementation. The first of these was 
the development of a set of Innovation Con- 
figurations, or Key Features, as they were 
known in Jeffico. The Jdffco Key Features also 
covered some additional items usually referred 
to as implementation requirements, vfhkh 
included fiunlities, budgets, inservice prepara- 
tion of teachers, teaching behaviors, classroom 
management, grouping of students, and so on. 
The Key Features were initially designed to be 
used by a third party to evaluate the degree to 
which the program was being successfully 
implemented two years after the inservice was 
completed. This proved to be a very success- 
ful, if e3q)ensive, means of evaluation. The use 
of the Key Features soon ivoWed into a pro- 
ductive school improvement effort called the 
Science Instructional Improvement Process 
(Melle and Pratt, 1981) . In this process, a prin- 
cipal and a member of the district science 
department, with the support of a trained 
teacher from another school, spent about 30 
hours throughout the school year working with 
tlie school staff to improve the quality of the 
science program deUvery. Although the proc- 
ess eventually included an assessment of each 
Key Feature, it was carefully carried out in a 
collaborathfe, supportive way to help teachers 
improve their ability to teach elementary sci- 
ence. 

The second ir^jor activity developed shortly 
after the initial implementation was the crea- 
tion of a criterion-referenced test to measure 
student achievement in both process and con- 
tent covered in the new program (Pratt, Win- 
ters, and George, 1980). The test was designed 
for two basic purposes. The first was to pro- 
vide feedback to the school staff on thdr effec- 
tweness in deUvering the program. This type 
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of data provides much needed infonration for 
teachers with consequence concerns about the 
level of their students' achievement The seC" 
ond purpose was to communicate the impor- 
tance of ekmentaiy science to all members of 
the school district's stafiL 

Ten years after ttie initial inservice, many of 
the original aclhfities are still being carried 
out Three fiill ds^ of inservice sessions are 
provided for teachers new to the district and 
diose changing grade levels. ''Comfort and 
caring^ is a regular part of ttie district science 
department activ: les, with each school being 
vidted on t^ ? average of two out of every three 
years. Tecnnical information is provided to all 
teachers and prindpab through personal vis- 
its, phone caOs, and a regular newsletter. The 
Key Features (IC) are used in the Instruc- 
tional I^^»t)vement Process wiHi five or six 
schoob per year. In addition, the Key Fear 
tures are circulated among all elementary staff 
members as a means of communicating what 
a successfiiOy implemented program is like in 
each school. 

The results have been very positive. Data 
collected by the Texas R&DCTE (Loucks and 
Melle, 1980), reports from the district's evalu- 
atk>n department (Darnell, 1979), observations 
during the Instructional Improvement Proc- 
ess, general observations of principals, and the 
report of the NSTA Search for Excellence team 
(Penick, 1983) all indicate that the program is 
in place in virtually every classroom ui the 
district 

How did Jeffco avoid the pitfalls of Anydty 
and the many other school districts across the 
country who have reported the demise of the 
new programs of the 1960s and 1970s? Several 
lessons can bo learned from this case study: 

1. The improvement effort was not viewed as 
simply a change of materials that were to be 
Installed;" inste?^i, the improvement was seen 



as both an improvement of materiak and a 
charge in the belief and behaviors of teachers. 

2. The implementation r ocess takes years, 
not weeks or months. Implementation should 
be viewed as only the first step of a long4erm 
plan for maintenance and institutionalization 
of the progVBttL Ongoing assistance, support, 
and maintenance never ends. 

3. Strong, rontinuous leadership committed to 
the program is needed at the central office and 
local school levels. The principal is obviously 
indispensable in this role, but a second person 
within the school or the central office or some- 
times outside the district can play a very im- 
portant role. 

4. The district has strong expectatioTis and 
commitment to the program which are ex- 
pressed in many ways: through Board of Edu- 
cation decisions, district policy, instructional 
time allotments for science, evaluation proce- 
dures, budget conunitments, administratwe de- 
cisions, testing programs, etc. 

It may be tempting to read through this case 
study to find one or two key practices that will 
make the difference between the successful 
and unsuccessful implementation of the pro- 
gram, but evidence indicates that a single ac- 
thdty seldom has a significant effect when con- 
sidered alone. The problems of implementa- 
tion, as well as all school improvement efforts, 
must be considered systematically by creating 
a series of activities that will intervene on all 
parts of the system over a considerable period 
of time. New materials can be easily purchased 
and delivered, but their effective use calls for 
behavioi and attitude changes by the teach- 
ers. This requires considerable time, effort, 
and support on the part of the science supervi- 
sors and many other leaders m the system if 
the change is to be successfully made. 
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have all heard the ancient adage that 
the love of money is the root of all evil. But 
from the perspecthre of a science supervisor, 
we might agree more with Mark Twain's para* 
phrase, "the hck of money is the root of all 
evil." 

There are many things ir "education we can't 
do because we can't affOtd to do them. The 
lack of nK)ney is often the msycr stumbling 
block to acquiring needed supplies and equip- 
ment, providing e9q)ensive teixher inservice, 
or revamping an outmoded science curricu- 
lum. With more dollars we could tackle these 
and other challenges languishing from the 
school's seemingly peremiial econonuc depres- 
sion. If only we could follow the fabled rain- 
bow to the pot of gold. 

While one might logically expect the school 
disuict's budget to support all our science 
education needs, our real world e9q)erience 
tells us thaf s unfeasible. Seldom do we get all 
the funds to do what needs to be done. As 
supervisors, we accept the money we are given 
from the school budget with either satisfoc- 




tion or veiled disgruntlement, or look else- 
where for help. Following are a few examples 
of schools that looked elsewhere: 

• A school in PennsyWania needed more 
handson science experiences in its elemen- 
tary schools. The science supervisor developed 
a grant proposal to provide teacher inservice 
and supplies for teaching electricity, magnet- 
ism human biology, and other units. The 
proj^v. was funded by the Education for Eco- 
nomic Security Act 

• Science teachers in a Florida school district 
felt left behind by advances in science and 
technology. Their science supervisor contacted 
a regional high technology industry for help. 
The corporation now funds inservice programs 
held in the corporate board room, bringing 
together industrial scientists and district teach- 
ers to examme technological advances and 
their impact on society. The corporation hosts 
the teachers, picks up the cost of substitutes, 
and is paying for upgrading science equipment 
in the district's science classrooms. 

7G 
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• A school system in Colorado is developing 
a year-long middle school/junior high school 
life science program which emphasizes under- 
standing and care of the human body. Devel- 
oped in conjunction with an aree university 
and local physicians, the project will develop 
life science curriculum materials and link with 
school health programs. The National Science 
Foundation (NSF) will provide $590,000 for 
this three-year effort 

• Staff development in science education was 
the target for a Connecticut school system. 
Professional growth opportunities were pr> 
vided for science and educational content 
weaknesses and interests. Research findings 
from teaching methodology and learning 
theory were applied to science teaching and 
supervision, and school science personnel 
learned to use the computer as a laboratory 
instrument $266,000 was granted by NSF for 
a variety of staff revitalization activities. 

Similj- success stories abound. Literally 
thousands of school districts across the United 
States augment their science budgets with fi- 
nancial support from grant-making agencies. 
Yours could be one of them, if you are willing 
to invest the time and effort necessary to seek 
grants. 

Contrary to popular belief, successful grant 
seekers dont start by writing a proposal. 
Rather, they consider their needs. They find 
out who has the money. They m:.ke contacts. 
They seek information. They study funding 
guidelines. They make plans, and then they 
write the proposal. If grant seeking were 
compared to baking a five-tiered wedding cake, 
writing the proposal would be the top layer. 
Everything else provides the foundation upon 
which the proposal is built 

Grant seeking is not for the faint-hearted. It 
demands time. It requires hard work. Failure 
is common. But even though success is not 
guaranteed, the odds certainly frvor a science 
supervisor who has an important need, who 
has done the requisite homework, who can 
write clearly, and who is persistent If you are 
ready to follow that rainbow, read on for some 

C J 



helpful hints which could lead you to the pot of 
gold. 



A Spectrum of Funding 
Opportunities 

There are many rainbows and many pots of 
gold— if you know where to look. Consider 
federal, state, and local governmental agen- 
cies. Consider organizations including busi- 
nesses, industries, and foundations. Consider 
people and groups in your own backyard- 
many give grants in dollars or services for 
school science. Begin by considering an old 
familiar source, NSF. 

Review NSPs programs and consider initiat- 
ing projects that connect your school with col- 
leges, universities, museums, professional 
societies, or other educational institutions. 
Create connections tha: will benefit your 
school's science programs. Contact NSF for 
descriptions of their programs and the guide- 
lines of those that interest you. 

Another important pot of gold is the Educa* 
tion for Economic Security Act (EES/^, the 
source of Title II funds. This federal program 
is an excellent source of funds for schools or 
consortia of schools interested in providing 
creative staff development experiences, rang- 
ing fiiom seminars on science-technology-soci- 
ety to workshops on science for elementary 
and secondary teachers. References and sup- 
plies purchased tor teacher inservice programs 
often travel back to the classrooms with the 
teachers. Contact your state department of 
education tor guidelines akid copies of their 
Request for Proposals (RFP) forms. 

Many states— PennsyWanla, for example- 
have grant programs aimed at science teacher 
education, equipment acquisition, curriculum 
development, and science leadership training 
for school administrators. Personal contact with 
a Pennsyhfania state legislator in 1983 has re- 
sulted in more than $30 million in state grants 
for science and technology education. Contact 
your representatives or senators and ask about 
grant opportunities applicable to science edu- 
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catioit Get them interested in your ideas. Ask 
for flidr he^, and be willing to help Aem. 

Odier sources of funding include grant pro- 
grams by businesses, industries, and founda- 
tions. These groups are eq)eciar> ^oodprosp 
pects rifl^t now because of the ^tention fo- 
cused on science education in recent years. 
IVy hometown or regional organizations. Look 
to diemkal industries for chemistry educa- 
tion grants^ to agricultural industries and 
heaMhrelated bu^esses for grants for life 
sdence programs, to mining companie-- for 
eartih sdence program support, and so on. 

Of course, don't overtook Ae obvious— local 
govenumat-related agencies, parent-teacher 
Bssodaiions, ser^ce clubs uke Kiwanis, Lions, 
or Rotary, interest groups like Audubon Socie- 
ties, Sierra Clubs, or conservation organizar 
tions, or even our own schools. More and more 
schools are beginning small competitive grants 
programs. 

niocedures for submitting a proposal to grant 
making agencies vary considerably. Govern- 
mental agendes such as NSF or state govern- 
ments administering the EESA's Title n funds 
have very q)ecific guidelines for preparing 
pr(HX>sals. A personal contact with a grants 
program officer may not be necessary for NSF 
or EES \ funding consideration. Bui personal 
contact win be necessary for fonding consid- 
eration by private foundations, corporations, 
industries, local groups. In fact, such or- 
ganizations seldom fund unsolidted projects 
from individuals unknown to them. To increase 
your funding chances, become acquainted with 
die grants officers or have someone within the 
organization introduce you and your ideas. 
Hatving an advocate can enhance the chances 
of your proposal receiving a favorable review. 

Someone, somewhere, may supply the funds 
for doing what you, the sdence supervisor, 
needs to have done. But remember the first 
rule of grant^rsonship: You have to ask. 
Whom do you ask, and how? Begin by consid- 
ering the information sources at the end of 
this article for ideas. 




A Rainbow of Possible 
Projects 

lecting and refining a project proposed for 
fiindifig can be difficult Yet every successfol 
grant proposal begins with a need which, if 
met, will likely result in substantial Lnprove- 
ment in a program. 

If you're new at seeking grants, its probably 
a good idea to have three or four welkiefined 
needs. Perh^>s your sdence curriculum is 
designed to teach higher-lev* 1 thinking skills 
and sdence processes, but your evaluation 
system is still measuring memorization and 
rote. Building a new evaluation system takes 
time and money. Or perhaps your elementary 
schools have no handson sdence because of 
lack of teacher education and sdence supplies. 
Or perhaps mcreased state requirements for 
sdence have mandated more sdence be taught 
to students who have historically opted for 
less. Or maybe you'd like to develop a sdence- 
technology-sodety course or uicrease micro- 
computer interfacing ui sdence labs. All of 
these are problems with concomitant needs 
that can be addressed with a grant proposal. 

Hie problem you select to address will be 
governed by its perceived importance to you 
and by the grant-tnaker's potential mterest in 
that particular problem. Submitting a grant 
proposal for science supplies to a grantor that 
fonds only teacher education is, of course, a 
waste of time. You will need to identify clearly 
and convincingly what the problem is and how 
funds from the grantor could make a differ- 
ence in your school's sdence program, all the 
while advancing the mterests of the grant- 
making agency. 

Some typicai science education projects 
which have been fonded with outride fonding 
uiclude: 

• acquisition of five Apple Ue microcomputers 
plus inter&cing equipment and supplies foi all 
sdence labs in a school district 

• providing summer salaries for a ten-person 
sdence committee engaged in planning needed 
improvements ui a school's sdence program 

' 8i 
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• establishing and stocking science resource 
rooms in aU eighteen elementary schools in a 
district 

• funding the participation of all secondary 
science teachers in one state, regional, or na- 
tional conference for science education 

• funding the participation of aU middle/jun- 
ior high school students in a week-long ma- 
rine education program at a coastal marine 
science center 

• funding a bilingual science program for His- 
panic students 

• equipping ?. newly completed greenhouse 
for use by elementary school children 

• developing school nature trails 

• producing television science programs for 
primary school children and related teacher 
activities 

Whatever your project, be prepared to mod- 
ify it to fit the guidelines and interests of the 
grant-making agency. If you can't make it fit 
whfle satisfying the integrity of your need, seek 
other funding sources. 

Getting on the Right 
Wavelength for Proposal 
Writing 

Once you have some project ideas and know 
where the grant gold is hidden, you're ready 
to begin preparing the proposal. But keep in 
mind that grantors vary in their proposal re- 
quirements. Some PFPs have guidelinca which 
specificaUy spell o' t the proposal procedures 
you are to follow, from the number of pages to 
the submission date. Others are more general, 
painting proposal requirenjents in the broad- 
est of strokes. While you may not yet be ready 
to write the actual proposal, you can begin pre- 
paring individual sections, eventuaUy putting 
them together according to the grant maker's 
guidelines. Often, however, private foundations 
do not provide guidelines. Selecting the com- 
ponents of your proposal wiU be up to you. 
Whether or not guidelines are available, the 



following components are almost unhrersalfy 
applicable. 

Introduction 

The introduction is your chance to introduce 
yourself to the grant-making agency and es- 
tablish your credibility as someone who can 
do successfuUy undertake the proposed proj- 
ect Capture their interest with a good opening 
line or ^propriate quote. Convince them that 
you can do the project better than anyone else. 

Needs Statement 

Document your needs. No one will give you 
money if you don't need it Produce convinc- 
ing evidence. Conduct a survey. Include testi- 
monials. Reference the literature. Show that 
you recognize the need, that it fits the interest 
of the grantor, and that if the need is success- 
fully met through project funding, both you 
and the grantor will benefit 

Objectives 

Objectives tell who is going to do what, when, 
how much, and how it will be measured. Your 
project is a means to an end. The objectives 
specify that end. Tell what you will accom- 
plish. 

Methods 

In this section you spell out how the objec- 
tives will be accomplished. You will need to 
detail your project activities, your reasons for 
selecting them, why you sequenced the activi- 
ties the way you did, who will do the work, 
who will participate, and over what period of 
time all this will occur. Ordmarily, the Methods 
section is the longest section of die proposal, 
though it may be limited to two or three pages 
even in the most lengthy proposal You will 
need to present the details of your project in a 
clear, logical, and coherent nuuiner. It must 
make sense to the funding agency. 

Evaluation 

The grant maker will be mterested in know- 
ing if your objectives have been njet by the 
meti'-^ds you chose. They mU seek measur- 
able evidence tiiat their money has been well 
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9ent They wLI be interested in ''producT 
evaluation (assessments of the extent ts which 
your rwoject has met its objectives) and ''proc- 
ess'' evaluation (assessments of whether you 
carried out your iMt>ject as originally planned) . 
The Evaluation section of a proposal has be- 
come increasingly impon'ant to grant makers. 
They now often require that evaluations be 
conducted by third-party, impartial evaluators. 
The Science Education Research and Evalu- 
ation Laboratory (SEREL) at the Unhrersity of 
Georgia is one such evaluation agency. Even if 
evaluation is not required in le proposal !::uide- 
lines, include it to convince the grantor that 
you know where you are gouig and have es- 
tablished criteria to measure your success. 

Future Funding 

Grant-making agencies are interested in 
exen^lSky project models with significance 
beyond the local scene. Seldom does a grautor 
de^ to keep funding any project on a long- 
term basis. They lean toward pn>jects that will 
eventually bec(Hne independent In this sec- 
tion you will need to present your needs and 
plans fjr future funding. Suow them that, while 
yoti Hill need their help at the beginning, your 
project will eventually stand on its own. 

Budget 

While other parts of your proposal may get 
careful review, you can expect the budget to 
get extraordinary scrutiny. After all, you are 
asking for the grantor's money. You should 
estimate as closely as possible, to the nearest 
dollar, the funds needed to conduct your pro- 
gram. Common items include salaries, fringe 
benefits, suppMes, travel, consultants, equip- 
ment, and so on. Most proposals are strength- 
ened if portion of the budget .leeds at^ do- 
nated from other funding sources. 

Many grant makers have detailed budget- 
writing requirements. Othe*^ let you decide 
jn tlie foimat In either ca^ 3 you should be 
impared to present your budget request bro- 
ken down into two general rategories, person- 
nel costs and non^rsofiuei costs. Expect to 
provide a detaileu explanation of each budget 
item. 



y^pem .ces are *\ atch-alls". They follow the 
other sections of tneproposSi ind may include 
information of lesser importance or too bulky 
to be included elsewhere. Examples are staff 
vitae, letters of support, and detailed program 
schedules. A/oid lengthy appendices. If the 
information 's not germane to the proposal, 
forget it 

Summary 

t}' ough the Summary, or Abstract as if s 
sometmies called, will ^ppezr at the beginning 
of the proposal, prepare it after you've com- 
pleted everything else. It should clearly and 
concisely identif who you are, the reason for 
the pi-oposal and the needs it will meet, your 
objectives, an overview of how you will con- 
duct and evaluate your project, and the amount 
of funding requested from tiie grant maker. 
Don't underestimate the importance of thi^ 
brief section: The grantor may use it to (deter- 
mine whether there is a need to read further. 

These, then, are the m^or components of 
most ptoposals. While detailed descriptions 
on how to write each of these sections ar'^ 
avaibble in many books, periodicals, and other 
references, keep in mind that most proposals 
are expected to be brief, from three to fifteen 
double-snpced pagei. You c in collect more in- 
formation than you use, but pare your p«*o- 
posal to the minimum needed to get your story 
across. The«^ is a suspicion, not without foun 
dation, that if grantors gi'oan when they see 
the length of your proposal, if s likely to end 
up on the reject pile. 

Final Reflections 

Following are several tips that could make 
the difference between finding the gold or just 
an empty pot 

* Know your grantor. Learn as much as you 
can about tne grant-making agency, especially 
their funding interests and their expectations 
for projects. Find a prospective grantor whose 
interests match your ne^ds, and ^' them 
clearly in your proposal. 
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• Personal contacts can help. Many grantees 
are successful beca; se they have established 
rapport with the grant maker through courte- 
ous contacts by letter, telephone, or personal 
visits. Making a favorable mipression never 
hurts your chances. 

• Let the right hand know what the left hand 
is doing. As you bsgin to prepare fc your pro- 
posal, tell your school district supervisors and 
administrators about your ideas. Seek their 
support Its likely that someone in your school, 
your superintendent or their representative, 
will need to sign your proposal as the respon- 
sible school officer. Keep them informed of 
your progress. 

• Follow the RFPs or guidelines to the letter. 
If you think you can single-space the narrative 
when the guidelines say double-space, or sub- 
mit the proposal on March 16 when the RFP 
says March 15, your prop^isal probably doesn't 
st^nd a ch!mce for support Not following the 
guidelines exactly is a n^jor cause of proposal 
rejection. 

• Learn the criteria for proposal evaluation. 
Many grant-making agencies have very spe- 
dSc criteria for evaluating proposals. Addition- 
ally, sections may be weighted to reflect their 
perceived importance. For mstance, the Needs 
Statement might be weighted 20 percent while 
the Evahiation Plaii h weighted 10 percent It 
behooves grant seekers to learn the criteria 
and weifl^ts used to evaluate proposals, and 
tailr their proposals to meet each 'terion. 
The grant maker describes what they wanL 
fhe grant seeker delivers. 

• Avoid typos and coffee stains. Your final 
proposal should be clean, neat, and error free. 
Have several people proofread your final copy 
to ensure accuracy. 

• Be brief. Most sucr "sml proposals are 



short, often in the range of two to five pages. 
Grantors expect clarity. Long-winded disserta- 
tions do not win friends. The $30 million Penn- 
syWarua science and technology grant program 
mentioned earlier began with a proposal of 
three pages. 

• Resist budget padding. Be realistk: in your 
budget requests. Grant makers want the proj- 
ects they support to succeed, and they expect 
cost-effediveness. It is not uncommon for them 
to suggest that fimds be added to line items 
where shortfalls may exist In any case, be 
prepared to discuss, even negotiate, the budget 
if the grantor deems the proposal worthy of 
support 

• Persistence pays off. If your proposal is not 
fimded the first time ifs submitted, find out 
why and make improvements. If ai^ropriate, 
submit the improved version to the same grant- 
making agency or find a new one. Some sue 
cessfiil grant seekers have resubmitted their 
repeatedly improved proposals j many as five 
times befDre they hit pay dirt 

• Establish a good track record. Once your 
project is well underway, highlight your suc- 
cesses through published reports, press re 
le? ses, and presentations at professional meet- 
Jiifc Carrying out a project successfully, hav^ 
ing 11 pass muster with professional peers, and 
promoting it are likely to contribute to new 
grant opportunities. 



vJrant seeking is a challenging process. The 
incentive Is the opportunity to initiate worthy 
rrojects that are oeyond our schools' fiinding 
capabilities, projects which strengthen science 
education f jr the students and teachers in our 
schools. Ihe pots of gold are there. We need 
only follow the brightest rainbows. Bt^ ^^'^n- 
ning that proposal new! 
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^^ost science supervisors in professional 
positions find themselves primarily responsible 
for two nuQor functions, curriculum develop- 
ment and staff development These responsi- 
bilities are interconnected, and each should 
be undertaken with the implications for the 
other firmly in mind. Because curriculum 
development inSuences the content and for- 
mat of staff development, it \?ill be considered 
first. 

Curriculum Development 

Curriculum development is a continuous, on- 
going revimon of content that reflects new ideas 
about what students should learn. Today, many 
coramunities want an educational program 
planned specifically for their own students. 
Ahfaough fome cuniculum plans are centered 
around cht^sen textbooks, other districts pro- 
vide a curriculum guide to describe the goals, 
set ifae objectives, and list the Resources avail- 
able for augmentlog the texlnwk-based in- 
ilruction. There are often broad gmdelinea pro- 
vklicg !i fiwnework for focal curriculum ef- 
forts by the state department of education. In 
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some school districts or schools, usually the 
larger on^s, a complete curriculum is devel- 
oped locally and independent of any textbook 
series. Science supervisors are often expected 
to assist in choo^ng the form of curriculum 
development to done, and are expected to 
plan and administer the actual work of produc- 
ing curriculum guides. 

If the curriculum is to be based on belected 
textbooks nd commercially available materi- 
al: ihe science supervisors should devise the 
woric plan by considering, at least, the follow- 
ing questions: 

1. Who chooses the textbooks for each grade 
Wei co^irse? 

This :s generally done by conmuttees of teach- 
ers, with a parent, administrator, and teachers' 
assod^itfon or union representative also invited 
to give a balanced viewpoint 

2. What criteria are to be used for rating each 
textbook or series? 

In addition to checking the scope and depth of 
content against course goals, committees judge 
the quality, accuracy, decree of bias, attrac- 
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tiveness, and durability fouBd in each book. 
The supeivisor may wish to construct a woik- 
sheet which the committee members car use 
to score or rate competing texts. 

3. When shall the work be done? How often? 
A timetable is necessary to assure that the 
deadline for submission will be met Unless a 
comprehensive plan has been implemented by 
the school district for all subject areas, the 
science supervisor should propose a plan that 
includes a timetable for text and instructional 
materials to be: (1) subniitted for review by 
the publishers/vendors, (2) examined and 
rated by committee members indhddually, 0) 
finally rated by collective agreement of com 
mittee members. (4) listed in proper format 
for submission, and (5) submitted to tiie ap- 
propriate ofnce or staff person. 

K textbooks are used to constitute course 
outlines, it is necessary to have a regular sched- 
ule for textbook list revision, especially in sci- 
ence, where content is quickly oudated. A 
fiveyear cycle is ordinarily used, but, from a 
curriculum point of view, a continuous cycle is 
highly desirable. Unfortunately, the econom- 
ics invoked m^ well make such a plan pro- 
hibitive. 

If a ghren course offering is to serve all stu- 
dents reasonably well, then supplementary 
materials will be needed. Most textbooks in- 
clude everything the author can envision, but 
textbook authors can never foresee exactly 
what a particular classroom of students needs. 
Textbooks are designed to attract potential 
customers so that a profitable number of the 
books can be sold. So it is unfair to leave the 
impression witii teacher tiiat tiie course 
shoukl explore ev?ry topic Li tiie chosen books, 
or that the chosen books should fill all needs. 

In response to the natic lal and local concern 
about inq)roving science education, a ghren 
community school board may direct the school 
suf^rintendant to provide a locally designed 
curriculum to serve the students and assure 
increased success in the educational system. 
Conversely, the local school administration 
may offer such a plan to the conmiunity as a 



way of expressing tiie mission or goal of tiie 
school system. In this type of curriculum de* 
velopment, textbooks are no longer the basis 
of instruction, but stand as reference materials 
for students. 

Once the decision to write an independent 
curriculum has been made, the science super- 
visor will be expected to take responsibility for 
the science portion of the project by seeking 
solutions to tiie iMDblems in the areas discussed 
below. These decisions may be indhddual, but 
are more likely to be made by tiie steering 
committee or liask force woridng on the 
planned curriculum revision. 

Philosophical Considerations 

What is the philosophical base from 
^^ch the cunicuhim is to be 
devekyped? 

The answer to this is not to be ccnfiised with 
those well-intentioned doctrines found at tiie 
beginning of most education documents. It is» 
rather, the decision about what outcomes are 
planned for and expected as a result of tiie 
curriculum revision. The goal statement(s) 
shoukl be expressed in terms of performance; 
in this way. student progress becomes a meas- 
ure of evaluation for the effectiveness of the 
curriculum and its inq)lementatx>n. As the phi- 
losophy becomes part of a systematic approach 
to curriculum development, it will be re-zised 
many times before a final version is ready. 

The goals are often stated in terms of what 
the successful graduating seniors will be able 
to do. It may state the competencies to be 
achieved by students at several steps along a 
K-12 continuum. The same ru)c*s ^ly even if 
only one grade level or couise is being re- 
vised. 

Community input is an important part of goal 
setting. A tentathre list of goals is sometimes 
developed by teachers and offered to P.TA, 
church groups, and chac g ^^ps. Members of 
thesT: groups add to» delete frotn, and |»iori- 
tize the gorJs. A consensus is reached by com- 
bining the leedback from fb ^ups. This pro- 
duces a feeling of owiiership for everyone 
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whkh wiQ be profitable later in the implemen- 
tation stage. Teachers' union or professional 
assodadon members in the district should be 
re;»iesented on all conmiittees. Curriculum 
guides are more likely to be used by teachers 
vAio feel diat they had input into them. 

What Shan be the focus of histniction? 

Competency-based curriculum is focused on 
the acquisition of skills by students, with the 
under^anding that skill development includes 
the gaining of knoidedge. Students cannot 
learn a static ''organized body of knowledge" 
(a fonner definition of school science) because 
our knowledge in science changes and expands 
80 qukUy . A curriculum that can convey learn- 
ing sldlls which can be sq)plied to new knowt 
edge is the most valuable. The content stu- 
dsats use to practice their skills is more use- 
ful if it concerns current iMt)blems in society 
and technok>gy radier than traditional science 
acthoties familiar in textbooks and kiboratory 
manuals for decades. 

Is the curricuhim to be student- 
centered or text-centered? 

If students are to be held to required compe- 
tencies for graduatk>n or for promotion from 
one grade to another, tl^en it is necessary to 
assure that the o[q)ortunities to learn those 
skills are provided in the courses of study. If 
the Instructfenal objectives are written to spec- 
if student performance, they allow for crite- 
rion-referenced evaluation of learning. The pro* 
viftion for such measurable learning is attrac- 
tive to students, teachers, and parents alike. 
No one is forced into guessing what the exact 
learning tasks are. Student-centered learmng 
aDows the use of textibooks ai reference mate- 
Hairs when they are needed. It also facilitates 
the use of other instructional aids: videotapes, 
computer software, films, magazines, and so 
(»L In tiie hands of imaginative teachers the 
possibilities are endless. Whkhe a style is 
foflowed, tile curriculum guide should be a 
conq)endium of effective ideas to he^ teach- 
ers hef^ ynlh instructional planning, not a 
csDon to be foDowed verbatim* 
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How vvi!! <fae eflBdency and effectiveness 
ci the curriculum be evaluated? 

Plans should be made to field test new cur- 
riculum guides. Ofleh this is done by publish- 
ing preliminary draft versions which teachers 
use and critique, with the final version being 
published the following year. A formal evalu- 
ation is also possible, given enough time and 
money. By collecting data on actual student 
achievement on each strand or section, a meas- 
ure of effectr^eness um be made. Any part of 
the work that falls below the chosen standard 
must then be rewritten to improve the likeli- 
hood that students will achieve the stated ob- 
jectives. 

These methods of evaluation and other ques- 
tions are usually considered and planned for at 
the beginning of a curriculum writing venture. 
The advisory or steering committee can then 
determine tentative answers so that the plan 
can go forward. 

Logistical Considerations 

What is the expected timetable? 

Developing curriculum and putting it into 
effective use takes longer than is conmionly 
supposed. One effedr/e time line is to plan a 
thr'ie-year sequence of events. In the first year 
writing committees ^re forr/ied and put to work, 
goals are set, and the philosophy or model to 
be used is determined. Teachers and the com- 
munity are made aware that changes are being 
pkumed and told as much as possible about 
thenL This year of ''awareness" does not re- 
quire any changes to be made: it serves to 
sensitize the cturiculum users and gives them 
the opportunity to participate in the process 
and ask questions. The fiirst drafts are made 
ready for pilot use in the second year. 

Early in the second year the inservice ses- 
sions are begun for those te achers who will 
pilot test the materials Adminl^^trators should 
also attend some inservice sessions, so that 
they are prepared to provide the ^ upport teach- 
ers need as the curriculum is tested. This year 
of ''understanding and conunitment" is a time 
of evaluating and revising the written product, 
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preparing people to use it, and planning the 
implementation. Thought will be given to how 
the new curriculum will affect grading, sched- 
uling, standardized testing, report cards, and 
promotion policies. The curriculum steering 
committee usually makes reconmiendations on 
these areas; the recommendations are then 
submitted to the superintendent so that appro- 
priate policiesfor each can be established. Field 
testing may also begin during the second year. 

The third year, sometimes called the year of 
implementation, is a time of full-fledged pilot 
use, 2q>plication of formal validation |HX)cedures 
Of desired), and collection of feedback from 
th^ teacher and student users. Writing teams 
will work on needed revisions, and the final 
format for documents and any needed policy 
chariges are begun. Toward the end of this 
year final documents will be printed and dis- 
seminated, needed policy changes will be in- 
stituted, and full implementation is underway. 
For the foreseeable future a continuing cycle 
of evaluation and revision will keep the cur- 
riculum viable. 

This would seem to be a long, drawn-out 
procedure, but it should be remembered that 
gradual changes allowing for the invohrement 
of all concerned parties are more effective Li 
bringing about lasting improvements. The 
pride of ownership in the system helps to 
encourage teachers to adapt and work towanl 
specific goals for instruction. 

Haw will the curriculum writing be 
done? 

Writing teams are usually composed of teach- 
ers who have been chosen for their creativity, 
enthusiasm, and successful teaching experi- 
ence. The science supervisor will need to work 
closely with the team to edit and critioue the 
work. Veiy successful teachers may not be 
able to express their thoughts well in written 
form. The ^ iters may need training and guid- 
ance in ho\ • to foDcw the model established by 
an advisory committee. A curriculum guide 
usually ircludes objectives ex))ressed in per- 
fo ^lance terms, learning activities, strategies, 
and M^hniques, and assessment tasks for evalu- 
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ating the effectiveness of lessons. It may also 
mclude scope and sequence charts, time allot- 
ments, reference material lists, equipment lists, 
pretests, and post-tests. The supervisor may 
need to do the editing and p^e layout for the 
camera-ready copy. The timetable for writing, 
field testing, and revisions must also be ar- 
ranged. 

How will the curricv^um guides be 
disseminated? 

Introduction of a new curriculum guide to an 
entire staff of teachers can be a massVe under- 
taking. Merely delivering the guides to teach- 
ers' mailboxes will not guarantee thei / implem- 
entation. An introduction planned around wonc- 
shops or conferences would be more effecti»/e. 
At these meetings, the writing team can a'^sist 
the supervisor in ghing an overview of the 
guide to prirdpals and teachers* this type of 
**walk through" provide*? an oj4)ortunity for the 
users to ask c«uestions and woric throufi^ the 
anxieties thai changes engender. 

Subsequen: inservice workshops and dem- 
onstration lessons will assist teachers in usiog 
the ^des biA assessing student progress. 
Videotapes, handsK)n activities, and other 
strategies must be developed for use in the 
inserWce sessions. 

'^urriculum guide development is never re- 
alty finished. Revisions and updates are always 
necessaiy and occur in an ongoing fashion. A 
formal revision is usually pkmned when re- 
printing is needed or at least everj five years. 
A loose-leaf format allows the issuing of new 
pages in the interim. Inservice education 
needed for curriculum implementation is also 
an on-going process, requiring planning by the 
science supervisor. 

Inservice Education 

The relationship between curriculum devel- 
opment and inservice education, as previously 
discussed, determines one type of needed in- 
service. Science supervisors, however, are of- 
ten ey^ected to plan a dh^erse schedule of in- 
service o|qx)rtunities to serve a variety of needs. 
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Any new iHt>ject or program introduced to 
enridi Cie science i»x>gram will likely require 
inservice training for the personnel involved. 
This includes q)ecia]i2eil programs which are 
part of a federal or iHivate grant received in 
response to a submitted int>posal. In cur- 
ricuhmi development projects and special 
programs, the need for inservice is relatively 
obvious* By periodically conducting a needs 
assessment, it is possible to identify other in- 
service opportunities that will help to fiQ spe- 
cific needs of teachers. The teachers them- 
selves usually know best what would be 
vahie to theoL 

In most school distx tsasupendsorwillfind 
at least the following needs for both new and 
eq)erienced teachers. 

New Teachers 

These staff members may either be new to 
the school system, or new to teaching, or both, 
lu the first year they need information about 
the curriculum, the gra^'^ng and pix>motu>n sysr 
tern, the maintenance of laboratories and sup- 
plies, and other systenH^lated topics. Strate- 
^es for supporting these teachers include 
workshops, demonstration lessons, assigned 
mentors, and informative handbooks or proce- 
dural manuals. In subsequent years direct 
observations and foDow-u^ conferences by the 
sdence supervisor help to establish the profi- 
ciency level reached by each new teacher. 
When the teacher has deficiencies, the super- 
visor can give advice to the rating officer and 
help to design a support plan for needed im- 
provements. This plan ma*' include suggesr 
tions for additional course work arranged 
through a local college or university, or atten- 
dance at spedal workshops sponsored by the 
school district 

Experienced Teachers 

As teachers progress in their careers they 
need to be encouraged to remain aware of new 
findings in science, in educational research, 
and recent teaching strategies and techniques. 
An enterprimng supervisor will consider ways 
to prcvide the opportunities for inservice that 
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teachers request or may find of assistance. 

Local college and university staff members 
are often interested in designing courses that 
answer the needs of teachers. The supervisor 
can be a 6unlitator in accx>mplishing this task 
by contributing advice on course content, spe- 
cial tuition arrangements, recertification credit 
requirements, and deciding the site for these 
courses. 

Supervisors can also plan for internal in- 
service. Teachers can instruct each other in a 
workshop, or arrangements can be made for 
teachers to ^n&it each other to make peer ob- 
servations. With financial suiqwrt, sought by 
the supervisor, a visiting speaker can be en- 
gaged to present a special topic. 

Some d^cts h'lve teacher incentive awards. 
The supervisor can assist teachers with writ- 
ing proposals to obtain funds for special in- 
service opportuirities. Local businesses or in- 
dustries nray lend speakers or staff members 
to the school district to assist teachers with 
specific curriculum topics. Teachers who need 
science e3q)erience find summer employment 
in local laboratories cr doing field research 
through the efforts of the sdence supervisor. 
The supervisor who wishes to provide oppor- 
tirrrities such as these must develop friend- 
ships and contacts anrong govenrment, indus- 
trial, and educational leaders in the commu- 
nity and be ready to do the planniirg and 
ranging needed to set up these and other spe- 
dal kinds of educational opportunities. 

E3q)erienced teachers should be encouraged 
to participate in appropriate professional ac- 
tivities through membership in the National 
Science Teachers Association (NSTA), the Na- 
tional Science Supervisors Association (NSSA) , 
National Biology Teachers Ass'^ciation 
(NABT), the Natr:5nal Earth Science Teachers 
Association (NEST^, and other such organi- 
zations. One way to develop interest in the 
work of these societies is to obtain funding for 
a group of teachers to atter:\d a NSTA or NABT 
convention. After such an experience, many 
teachers feel more a part of the profession and 
' ^gin a lifelong habit of attending and leanh 
ing from educational conferences. This helps 
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them to stay aware of current techniques, 
content, and vcaching/leaming strategies. 
Supervisors themsehres need a constant stream 
of such experiences to assure their own pro- 
fessional growth. 

Not nearly enough of what is known about 
how students learn is reflected in classroom 
practice. The supervisor should serve as a dis- 
semination agent for research findings by 
publishing bulletins, newsletters, or abstracts 
of research, written in an accessible form so 
that busy teachers can digest the contents 
quickly. Special seminars can be devoted to 
exploring new findings in psychological, so- 
ciological, and other related research. 

Teachers grow professionally when they are 
assisted by the science supervisor to write for 
professional publications. Successful teachers 
contribute to the profession when they share 
their ideas with each other. Supervisors also 
are in a position to encoiuage experienced 
teachers to work on professional society com- 
mittees and to make presentations at conven- 
tions and conferences. 

Teachere Who are Changing FVom One 
Discipline to Another 

This is a special situation which requires 
carefully planned inservice topics. If teachers 
are involuntarily transferred into science from 
physical education, health, social studies, or 
some other area, then the first hurdle may be 
one of sparking enthusiasm for the new as- 
signment Woricshop activities taken from the 
curriculum at appropriate levels may mspire 
their interest in science as they become ab- 
sorbed in handsK)n experiences. They may 
need a carefully guided "gripe" session or two 
as a way of expressing their anxieties. Supervi- 
sors may wish to provide a mentor or "buddy" 
to help such teachers become comfortable with 
the new content and procedures :-ecessary in 
teaching a laboratory science. 

Another group of teachers to be served are 
the mcreasing numbers of mid-life career 
change candidates. When science teachers are 
in demand, the gap is sometimes filled by rela- 
tively young militar> retirees or scientists and 



engineers who wish to undertake a new iMt>- 
fession. Teachers with Uberal arts degrees and 
proficiency in one or more of the sciences may 
have little or no pedagogical training. Special 
arrangements must be made for short-term 
inservice and additional professional course 
V 5rk so that these staff members can become 
SI illful in classroom strategies without undue 
delay or financial hardship. Teacher training 
institutions are developing these special pro- 
grams. In the meantime, the supervisor must 
find ways to provide close oneo&one suivort 
similar to th?^ for first year teachers who have 
just graduated from a teacher preparation in- 
stitution. The maturity of teachers in this mid- 
life category is often a valuable asset to the 
science program, so the special attention 
needed in these cases is a worth^e invest- 
ment of the science supervisor's time. 

In summary, it can be said that an enlight- 
ened science supervisor makes a heavy inver*^- 
ment when developing^ curriculum, keeping it 
updated, and putting it in the hands of creathre 
teachers. These teachers educate students 
more effectively because of the inservkre lead- 
ership provided by the science supervisor. The 
basic work of the science supervisor is in cur- 
riculum development and staff development 
The curriculum materials may be based on the 
adoption of textbooks chosen for each course 
of grade level. A more useful form of curricu- 
lum m^ be one that is constructed goals and 
objectives agreed upon by the local commu- 
nity. 

Inservice education opportunities are best 
planned by basing them on a needs assess- 
ment New teixhers, e)q)erienced teachers, and 
teachers who are changing fields need in- 
service especially planned for their uidhidual 
concerns. Inservice is always necessary ^en 
a new curriculum or program is uitroduced. 
Although a science supervisor does many 
short-term exciting tasks, it is the work in 
curriculum and staff development that brings 
a feeling of long-term accomplishment and sat- 
islEaction to this very important staff position* 
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In the continually changing world of science 
and science education, the science supervisor's 
primary re^nsibility is staff development 
Staff development is essential for science 
teachers to maintain content knowledge and 
refine teaching techniques. 

Content Updates 

Many staff development activities can help 
keep science teachers aware of these new de- 
vek)|mient9 in content areas. One of the most 
useftil activities to provide is a content update 
as part of an inservice day. E3q)erts from a 
local university or industri^ can be brought to 
your school for very specific content updates. 
If the speaker cannot be there in person, a 
videotaped presentation can be a workable, if 
Smiting, alternative. Such a substitute does 
not ghre teachers an opportunity to ask quesr 
tk>n8 and get inunediate answers, or ghre the 
expert a chance to tailor his or her presenta- 
tion to tile audience's reaction. 

The update could be for the entire science 
department or for teachers of specific . jects. 
The science supervisor may determine the fo- 



cus of the content update based upon his or 
her knowledge of the overall science curricu- 
lum. However, involving the science depart- 
rrent staff in the selection process and letting 
them identify their needs and interests will 
make the update more meaningful and suc- 
cessful. Your teachers may even suggest 
specific indhriduals as presenters. It is best to 
tell the presenter escactty what is expected in 
the update session. 

Depending on your particular situation, con- 
tent updates may be given at the presenter's 
site. Many museums, science centers, and 
research laboratories wiU give update work- 
shops at their facilities.This tyoe of update is 
most appropriate when the btest equipment 
and procedures must be used, or when materi- 
als cannot be easily transported to your school. 

Content updates can also be conducted by 
teachers from your own staff. Although Al of 
us invob/ed witfi science education read about 
and study new scientific breakthroughs, no 
one has time to read enough. Your own teach- 
ers represent an excellent and, unfortunately, 
often unt^^)ed resource. This is especially true 
of teachers taking graduate courses or who 
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have attended conferences, conventions, or 
sunimer institutes. 

Secondary science teachers can be valuable 
resources for elementary teachers who may 
not have a strong background in science con- 
tent and who have even less time to keep up 
with new developments.What may be a simple 
demonstration or easy activity could be just 
the spailc needed to inspire an elementary 
teacher and his or her students. 

Out-of-School Opportunities 

A second type of staff development can be 
out-of-school participation in a wide range of 
science-related activities. Graduate courses in 
science and science education should improve 
the quality of one's science teaching. Many 
colleges and universities have continuing 
education programs tailored to the needs of 
science teachers. Equally valuable are the vari- 
ous summer institutes and workshops that 
focus on particular aspects of science educa- 
tion, such as teaching advanced placement 
courses. National Science Foundation honors 
woricshops, and leadership projects. Profes- 
sional organizations such as the National 
Association of Biology Teachers sponsor m- 
depth summer update workshops held over 
several days. Don't overlook the many excel- 
lent Curriculum Study Institutes held by the 
Association for Supervision and Curriculum 
Development Although the ASCD institutes 
do not deal specifically with science educa- 
tion, they do focus on practical application of 
current educational topics such as learning and 
teaching styles, thinking skills, and instruc- 
tional leadership, many of which are applicable 
in the science classroorii. 

Science supervisors must encourage their 
science teachers to become involved in these 
academic endeavors. Notify teachers of the 
opportunities, help them complete the neces- 
sary reference forms, write letters of recom- 
mendation, recognize their accomplishments 
and achievements when they participate, and 
set an example by participating in such courses 
or programs yourself. Science supervisors must 



seek out and fight for the necessary funds that 
will permit your science department staff to 
have these opportunities. 

Some summer jobs provide staff development 
for science teachers. Teachers are sometimes 
able to work in science-related jobs during the 
summer, as park rangers or laboratory techni- 
cians, for example. Although science teachers 
often seek science-related summer employ- 
ment independently, it is encouraging diat 
throughout the country there appears to be a 
growing coalition among science educators and 
the business community to provide meaning 
fid summer work experience for science teach 
ers. 

Membership in professional science or sci- 
ence education oiganizations is another ex- 
cellent source of staff development Every 
science teacher should be encouraged to be- 
long to at least one. The journals of these organ- 
izations help science tjeachers stay in touch 
with current developments in their field. The 
Science Teacher, published by the National 
Science Teachers Association, has a good 
balance between science articles and science 
education articles, as well as news of the asso- 
ciation. Belonging to professional oiganizations 
also gives science teachers a feeling of identity 
and companionship with others in the same 
profession. Through a professional oiganiza- 
tion, teachers can exchange ideas through the 
pages of a journal or ui person at national and 
local conventions. The informal contacts and 
friendships may be the most valuable benefits 
of membership ui professional ot^ganizations. 

Broad-Based Programs 

A third type of staff development uivolves sci- 
ence teachers in a school-wide or district-wide 
staff development program. In many cases 
these broad-based programs are not directly 
related to science, but focus on some aspect of 
education applicable to all content areas. The 
science supendsor should analyze the focus of 
these programs and help to put it into ^ mean- 
ingful firework for the science teachers. For 
example, if the staff development program fo- 
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cuses on thinkiiig stdOs, the science supervi- 
sor must relate the exanq)les and situations of 
a science class to the sldQs being covered in 
the general program. 

The science supervisor must also clearly de- 
lineate the objectives of the staff development 
program and work with teachers to follow up 
on the ideas and techniques presented. After a 
program on teaching analysis, for example, a 
supervisor should assist teachers in develop- 
ing lesson plans using skills of analysis, and 
observe the lesson as it is taught 

The science supervisor must insure that the 
science staff recehres sq^priate training, in- 
cluding learning how to e3q)licitly teach sldlls, 
how to devek>p curriculum materials, and prac- 
ticing the new teaching techniques several 
times before any evaluation occurs. As teach- 
ers begin to use new techniques, the science 
si4>ervi8or needs to be sunx>rtive and, at times, 
assume a coaching relationship witlk some 
teachers. 

Broad-based staff development can some 
times be more meaningful if science teachers 
have an esprit de corps, if they have incentive 
to be the first department to complete a pro- 
gram, or the first to implement changes. 



The "Buddy" System 

A. fourth type of staff development concerns 
new teachers. All of the variations of staff de- 
velopment discussed above apply to the new 
teacher as well as to the veteran, but the new 
teacher often needs some additional assistance 
to learn the system. One of your veteran mas- 
ter teachers could be asked to serve as a 
'liuddy" for the newcomer. The veteran could 
help tfie new teacher learn to woik with the 
bureaucracy of today's school as wall as coun- 
sel him or her about curriculum, tea ching meth- 
ods, classroom management, and the many 
routine things that may be foreign to one just 
entering the profession. 

The '^udd/' also works well witl i a marginal 
teacher, regardless of e}q)erienca. A fellow 
teacher is often better able to fieeV discuss a 
problem with a teacher having difficulties and 
to suggest methods of improvement Use your 
master teachers as the valuable resources they 
indeed are. 

ence supervisors have an obligation i o help 
their science teachers become the best they 
can be. Effective staff development is one key 
to this. The science supervisor must be willing 
to plan, coordinate, seek funding, make rec- 
ommendations, participate, and evaluate. The 
results— for teachers and for students-*are 
worth it 
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science supervisors have little for- 
mal preparation in providing or updating sci- 
ence facilities, most will, at some point in their 
careers, be faced with such a task. The pur- 
pose of this article is to present some general 
information to help science supervisors who 
must construct or remodel science facilities. 
There is not room to cover all of the considera- 
tions necessary to carry out these functions; 
therefore, this article wUl focus on developing 
a list of resources, general vocabulary, and 
procedures which will ensure the maximum 
chance of success. 

Who Should Be Involved 

er districts, an architect or similar coor- 
dinating individual will often be responsible 
for the planning and construction of focilities. 
In smaller districts, an architect in the conmiu- 
nity is often hired as a consultant The archi- 
tect advises on the cost of a renovation project 
or new construction. This person is usually 
well versed in the bidduig process. 
If an architect from outside the district needs 



to be hired, the selection process may involve 
action by the Board Education. The inter- 
views, reference checks, project visits, and final 
selection can take six to eight weeks or longer. 

The building principal and teachers must 
take part in planning. The principal can advise 
in matters such as room capacity nnd antici- 
pated growth of the school. Teachers are the 
ones who will be using the focilities: their input 
is essential for the development of fecilities 
that will have maximum benefit for the type of 
program involved. At the same time, it is im- 
portant to remember that, while teachers and 
administrators change periodically, the facili- 
ties will be permanent. In planning new con- 
struction, staff from similar school(s) can 
substitute for teachers not yet assigned. 

The 'cience supervisor, architect, principal, 
and teachers form the nucleus of a planning 
conunittee. This group should have time allo- 
cated for meeting. It is also desirable that funds 
be provided for substitute teachers and travel 
to allow the planning committee to visit facili- 
ties both in and out of the district. 
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Developing a Needs 
Statement 

The iSrst function of the planning committee 
is to establish a needs statement Tliis state 
ment should uclude the reasons for renovat- 
ing or constructing facilities. It should also 
include the number of rooms needed, tlie 
classes they will serve, and the number of 
students for each class. 

The needs statement serves as a basis for 
obtaining tentative district approval to proceed 
with the planning. Obtaining this aiqroval may 
invohre the assistant superintendent for instrjc- 
tion, the assistant superintendent for finances, 
and the superintendent; in some cases, an in- 
formational [H-esentation to the Board of Edu- 
cation may sdso be required. It is important to 
obtain this tentathre approval since there is 
little reason to proceed if the project is not of 
high priority to the distiict 

Allocating Time 

Planning for science facilities can take much 
of a supervisor's time and energy smce few 
shortcuts can be taken; the facilities, once com- 
pleted, will be used for many years. Teachers 
and students using these facilities will suffer if 
planning and construction are rushed. 

The first priority is planning a time line for 
the project Start at the date the facilities will 
be needed and woric backward. Below are ques- 
tions which need to be answered to establish a 
time line: 

1. When will the facilities be needed? 

2. How much time is necessary for stocking 
the rooms? CThis mcludes unpacking or mov- 
ing materials for use in the rooms, stocking 
shehres and drawers, etc. If these materials, 
supplies, and equipment are new, ordering 
should take place early so they are available 
when needed.) 

3. How much time will be required for testing 
or mspecting plumbing, gas, and electricity 
prior to approving the rooms for use? Inspec- 
tion is done by city inspectors who will con- 



firm the findings of the architect and engi- 
neers. The city then issues an occupancy cer- 
tificate. 

4. How much time will be required for the final 
hookups of water, gas, and electricity once the 
furniture is installed? 

5. How much time will be required for install- 
ing the laboratory furnishings once they are 
deUvered? 

6. How many days wiU be required to prepare 
the rooms for uistallation? 

7. How much time will be required f )r a ven- 
dor to deliver the furnishings once the order is 
placed? 

8. How much time wiU be required to prepare 
and transmit a purchase order once the pur- 
chase is approved? 

9. How much time will be necessary to analyze 
and make reconmiendations once a bid is re- 
ceived so the item can be placed on the Board 
of Education agenda? (Itemember. In most 
school districts, the Board meets only once a 
month. At least a fiill month will be lost if you 
miss being placed on the agenda.) 

10. How many days minimum mast elapse 
between the advertisement of a project and 
the bid date? 

11. How many days minimum must a bid be 
legally advertised? 

12. How many days will be required to prepare 
the bid specification documents and have them 
printed? 

After answering these questions, the date by 
which all planning must be completed can be 
determined. The planning time depends on 
the size and complexity of the project If exten- 
sive renovation is to be done, a general con- 
tractor, rather than district construction crews, 
is likely to be mvohred. Question 6 may then 
become very complicated. Additional bid spe(> 
fications will be needed for the preparation of 
the facilities. Here the architect and his engi- 
neering consultant must design, draw, and 



O 

EKLC 



7 



9. 



SUGGESTIONS FOR CONSTRUCTING OR RENOVATING SCIENCE LABORATORY FACILITIES 



103 



specify all rough-in connections for water, gas, 
and electricity, plus any changes or adaitions 
to the lighting or room ventilation, to satisiy 
the science program's needs. 

Finding Information 

Numerous sources of information on science 
facilities are available. Publications of the Na- 
tional Science Teachers Association, such as 
Conditions fi)r Good Science Teaching (Showal- 
ter, 1984), are helpful. Some states prepare a 
guide for planning focilities. For instance, the 
Texas Education Agency (TEA) publishes their 
guidelines, Planning a Safe and Effective Learn- 
ing Environment for Science (TEA, 1980); otiier 
professional organizations such as the Ameri- 
can Chemical Society often publish articles on 
facilities. Sometimes information is found in 
imlikely sources, such as an excellent article 
mAmerican School and University (Hill, 1985). 
It is wise for a science supervisor to routinely 
copy and file articles on facilities for later use. 

School districts that have changed existing 
facilities or constructed new ones are another 
source of information. Contact your local or 
state science supervisors association and re- 
quest information on districts which have ex- 
emplary facilities or have recently constructed 
facilities. TTie experiences of others can be a 
source of inspiration. For example, Richardson 
Independent School District in Texas solved 
storage problems with rolling storage units 
that fit into a compact space without aisles. 
The units are rolled out when needed. The 
Shawnee Mission Public School District in 
Kansas installed a separate exhaust system at 
every student station in their five high schools' 
chemistry '^.boratories; Conroe Independent 
School District in Texas installed four elemen- 
tary science resource centers patterned after 
NSTns Anne Beers project (Harbeck, 1985). 
The Kalamazoo Public Schools in Michigan 
recently renovated an old high school to pro- 
^de facilities for a science and mathematics 
magnet school. The science supervisors in 
these districts and in others can offer informa* 
tion on how they solved unique problems. 

ERLC 



Vendors of science furnishings can 
also provide information. A list of several 
companies who sell laboratory furnishings is 
given at the end of this article. Vendors can 
provide names of districts who have recenUy 
purchased their products. They will also be 
more than happy to provide drawings of sug- 
gested room designs for the planning conmiit- 
tee. 

When working with vendors, it is a good 
idea to give them blueprin^^s of existing facili- 
ties. Be sure to provide not only a copy of 
blueprints showing the room locations and 
dimensions, but also sheets showing plumb- 
ing and electrical layouts. A meeting between 
vendors and the planning committee will also 
aid the vendors in providing plans acceptable 
to the committee. 

Use, Size, and Capacities 

lb'* planning committee must first consider 
what courses will be taught in each room. 
Rooms should be designed for a specific course 
while being as utilitarian as possible. 

Secondly, it must be decided if the room will 
be used only for laboratory activities, or for 
both laboratory and classroom activities. The 
room's use effectively determines its size. 
NSTA's reconrunendations (Showalter, 1984) 
that laboratory activities should comprise at 
least 40 percent and no more 80 percent of 
instructional time seem to dictate a combina- 
tion laboratory/classroom design. It science 
classrooms do not provide for both laboratory 
and classroom activities, scheduling laboratory 
rooms becomes an additional task. It is also 
difficult for laboratory activities requiring 
observations over an extended period of time 
to be carried out when two teachers share a 
laboratory. 

The combination laboratory/classroom is 
supported by sources otiier tiian NSTA. The 
room design chosen by the Orange County 
Public Schools in Florida after extensive re- 
search was a combination laboratory /class- 
room design (Hill, 1985). Reconrunendations 
for Texas schools state that classrooms must 
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facilitate a laboratory approach to instruction, 
and suggest combination laboratory/classroom 
designs for new construction (TEA, 1980). This 
design also has the advantage of permitting a 
class period to be divided into laboratory and 
recitation segments. 

A third factor which must be determined 
before choosing the room design for secon- 
dary schools is rjom size. Showalter (1984) in- 
dicates that a minimum of 5.5 square meters 
(59.2 square ieet) should be allotted per stu- 
dent in combination classrooms and 4 square 
metei-s (43 square feet) should be allotted per 
student in space used strictly for laboratory. 
The TEA (1980) suggests 45 square feet per 
student plus an additional 15 square feet per 
student for storage and preparation in combi- 
nation classrooms. Young (1972), writing spe- 
cifically of laboratory space, found that the 
accident potential for a class increases when 
the square feet per student falls below 41. The 
accident potential remained fairly constant 
when the square feet per student was above 
41. 

A fourth factor which must be considered is 
the maximum number of students who will 
use the facilities. Showalter (1984) indicates 
that there should be no more than 24 students 
per class in grades K-12. TEA (1980) recom- 
mends 24 students per class, with enrollment 
never exceeding 30. Florida state statute limits 
the class size to 24 students (Hill, 1985). Young 
(1972) reported that the percentage of total 
accident encounters rises when an increase 
occurs in class size. Young determined a rea- 
sonable and safe class size was 22 students. 

Possible Designs 

Following are four examples of some of the 
more common laboratory designs used in 
schools for science instruction. Many poten- 
tial designs are available that should be ex- 
plored with vendors and the planning commit- 
tee. 

The combination laboratory /classroom us- 
ing a peripheral laboratory design is popular 
(Figure l).This design provides excellent visi- 

101 



bility for the Instructor, good traffic patterns, 
and easy evacuation. It also requires only one 
floor or wall penetration for services. The serv- 
ices are then run around the room next to the 
wall in a chase, normally six inches wide, be- 
hind the base cabinets (Figure 2). Individual 
student storage is provided under the work 
areas. More storage is provided around two 
sides of the room in lower and upper cabinets. 
With minor variations, the design can serve 
for any course traditionally offered in the high 
school. In schools using this design, students 
are sometimes provided stools to use when 
working with microscopes at standing height 
work spaces. 

Biology does not use gas and, to some ex- 
tent, water as frequently as chemistry or physi- 
cal science, ^^^lile the peripheral design works 
well for biology, another design suitable for 
biology is shown in Figure 3. This design, while 
not as utilitarian as the peripheral design, is 
less expensive to construct Electricity is pro- 
vided by mounting heavy-duty electrical cord 
reels on the ceiling above the tables. Students 
in biology can easily do microscope and dis- 
sectior activities at the tables. When gas or 
water is required, students can access these 
sciviccs at the side counters. 

An island design is shown in Figure 4. These 
islands can contain storage for student materi- 
als. This design is often advantageous v lien 
facilities cannot be located next to walls be- 
cause of the presence of low windows. 

Another common arrangement could be 
called a row design. This design is similar to 
the island design. It differs primarily in the 
fact that the row design requires fewer floor 
penetrations for services. It does reduce the 
teacher's view of students, and the teacher 
must walk a greater distance when helping 
students at lab stations. Two variations of the 
row design are shown in Figure 5. 

Safety Considerations 

Safety must be the primary concern when 
constructing or renovating rooms for labora- 
tory use. Space does not permit a lengthy treat- 
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ment of this topic. Current information on 
safety equipment and procedures must be 
consulted and considered when designing 
&cilities. Rooms should have more than one 
exit so that if one door is blocked, evacuation 
is still possible. Central shutoff should be 
provided for electricity, gas, and water. Drench- 
ers and/or eye wash stations should be pro- 
vided in every room. A safety shower and ftime 
hood should be available in every chemistry 
and physical science room. Remember, fiime 
hoods are not suitable for room ventilation. 
Room ventilation is a separate consideration. 

All cabinets and drawers in the room should 
be provided with locks. Locks are expensive 
and often omitted from specifications. Their 
absence renders much of the storage in the 
classroom useless, since safety procedures 
require that most laboratory materials and 
equipment be in locked cabinets or drawers. 
All locks should be keyed both individually 
and to a room master. If a large number of 
rooms are mvohred, locks should also be keyed 
to both a room and a single department mas- 
ter key. If keyed in this manner, the science 
department chairperson, custodian, and build- 
ing administration will only require one key. 

Any plate glass in the laboratory areas must 
be safety or tempered glass. This inclaues dis- 
play cases as well ai. fiime hood doors. Storage 
cabinets in the classroom should not have glass 
fronts. 

Preparation Rooms 




/-^ c r ^ 




to storage room 
fum« hood 



' demo table 



scale In feet 

Figure fi PERIPHERAL LABORATORY 

Optional f nk Locations: 

11 Chemis' y; tub sink with optional 

trough in countertop 
#2 Physics or Biology 
#3 Physical Science 




electrical reel 
ceiling mounted 

tables 



Figure f3 TYPICAL BIOLOGY 

L ABORATORY /CLASSROOM 




drain line, 
gas line in 
sleeve 

Base cabinet , 
with horiiontai chase 

Figure f2 BASE CABINET 
SHOWING CHASE 



four students*** 
per lab island 



oooo 



Freparation rooms should provide an adequate 
area for preparing materials for laboratory use 
as well as for cleaning up ailer the laboratory 
activity. A large sink witii hot and cold water 
should be provided. When possible, a fiime 
hood should be available in chemistry prepa- 
ration rooms. This can often be accomplished 
by installing a fiime hood in a common wall be- 
tween the preparation room and laboratory 
room. A hood with doors on both sides can 
thus serve a dual purpose. The fiime hood 
door on the preparation room side should have 
a barrel lock installed so it can be locked in the 

ERLC 



scale in feet 

Figure fH ISLAND DESIGN 



OOOO 
OOOO □ 

oooo 

OOOO 
OOOO 



< 



r-fr-iOooo 

t—'oooo « 
P-f^oooo □ 
^ P-'oooo 

^ K^OOOO 
U-JOOOO 



JO 

scale in feet 



Figure fS ROW DESIGNS 



jn2 



106 



SOURCEBOOK FOR SCIENCE SUPERVISORS 



down position. 

Shelving for chemical storage should be fixed 
and have a lip on the front edge. Since prepa- 
ration rooms are secure, open shelving is nor- 
mally used. Space should be provided m the 
preparation room for flammable and corrosive 
material. 

Consideration should be given to space for 
special equipment. In biology rooms, space 
should be allowed for a refrigerator. In rooms 
for biology, chemistry, and perhaps physical 
science, a laboratory-grade dishwasher may 
be desirable. 

Services 

secondary laboratory rooms should have 
cold water, gas, and electricity. Hot water 
should be provided at all demonstration tables 
and in the preparation rooms. All rooms should 
be provided with 3.75<entimeter (1.5-inch) acid 
waste lines. The architect is familiar with local 
construction codes and will be able to specify 
the type of materials used to conduct services 
and waste lines. He or she can also determine 
if an acid dilution basin is already in place or 
will need to be pro^aded. 

Materials 

]\4aterials used in the laboratory furnishings 
are most important. Cost-cutting in this area 
can result in a laboratory that must be reno- 
vated in a very short time. Plastic laminates 
are quite acceptable for elementary facilities. 
Where these laminates are likely to be in 
contact with water, a wood core (not particle 
board) should be specified. At the middle 
school level, laminates are also acceptable, 
especially in preparation areas and classrooms 
for life and earth science. Serious considera- 
tion should be given to wood cabinets for 
general science classes. 

In the high school laboratory, wood cabinets 
are most appropriate, although they are also 



considerably more expensive than other mate- 
rials. If cost becomes a critical factor, lami- 
nates might be used in areas of the physical 
science, biology, and physics rooms, but they 
do not hold up well in chemistry rooms. 

A major part of the expense of laboratory 
facilities is the material used for countertops 
and work surfaces. Materials for these sur- 
faces include natural stone and epoxy resin. 
Careful consideration must be given to this 
area. Most vendors will provide detailed speci- 
fications on their top materials and recommend 
which material should be used. It is important 
that specifications be written in such a way 
that aU bidders will be providing materials with 
similar characteristics. 

novating or constructing laboratory facili- 
ties is a complicated and timeconsuming task. 
^n adequate budget must be provided to pre- 
pare or construct the rooms as well as pur- 
chase and install the furnishings. Money must 
also be budgeted to provide the materials, 
equipment, and supi^lies necessary to use the 
room for its intended purpose. 

The science supervisor must rely oii the 
architect and representatives of the laboratory 
furniture industry. By working with these spe- 
cialists to meet the desires of the building rep- 
resentatives on the planning committee, a stan- 
dardized and cost-effective product can be 
specified. The preparation of comprehensive 
competitive specifications upon which all re- 
sponsible vendors can bid will result in the 
highest quality materials and services at the 
lowest cost. 

A science supervisor who has gone through 
all that is involved in justifying the need for 
new or renovated facilities and succeeded in 
obtaining the facilities has a very special feel- 
ing when visiting a class and watching the 
students use the facilities. Those students and 
all other students who will benefit from the 
laboratory facilities in following years make all 
the work required worthwhile. 
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Representative List of 
Vendors 

The following list of vendors is not exhaus- 
tive. The vendors listed are national and have 
representatives in all states. They also provide 
a complete line of laboratory furnishings. There 
are many other national and regional vendors. 
Science supervisors should obtain a list of 
vendors who have good reputations from tlieir 
state supervisor or the state education agency. 

American Hamilton: 1316 18th Street; Two Rivers, WI 
54214, (414) 793-1121. 

Kewaunee Scientific Equipment Corporation: P.O. Box 54(X), 
Statesville, NC 28677, (704) 873-7202. 

Sheldon Division, General Equipment Manufacturers, P.O. 
Box 836, Crystal Springs, MS 39059. (601) S32-2731. 

Taylor Division, American Desk: Box 1069, 1353 West 2nd 
St, Taylor, TX 76574, (512) 352-6371. 
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inston Churchill once said, '^e shape 
our facilities; thereafter, they shape us." A well- 
designed facility can supplement a weltplanned 
program. On the other hand, a poorly-designed 
facility can hamper a weltplanned program. 
Indeed, Engelhardt (1968) found that archi- 
tecture is one of several significant influences 
on teaching methods used in science instruc- 
tion. 

The facility most likely to be functional and 
supportive of a science program is one which 
is designed around student, teacher, and pro- 
gram needs. Program planning should always 
precede focility planning. 

Science instruction at all levels must take 
into consideration individual differences in 
interests, abilities, and modes of learning, 
likewise, individual differences must also be 
recognized by focility planners. Much has been 
learned about the methods and conditions 
under which students learn best Many lead- 
ers in the field of science education, and in the 
field of education in general, feel that there 
should be less lecturing and demonstrating to 
students at the secondary school level and 
more Individual and group experiments and 



acti\dties, with the teacher serving as a con- 
sultant. While the responsibility for creating 
and maintaining an intellectual atmosphere 
conducive to teaching and learning belongs to 
the teacher, the physical facilities play an 
equally important role. 

Whether the science facility being planned 
is a part of an entirely new school, or an addi- 
tion or renovation to an existing building, cer- 
tain steps can be taken to accompli^ ' the task 
successfully. Educators approach the job in a 
variety of ways. 

Educational Specifications 

Educational specifications can be considered 
a general statement of the problem to be solved 
by the design professionals (National Council 
on Schoolhouse Construction, 1964). Specifi- 
cations are normally prepared by a committee 
appointed by a local superintendent and com- 
posed of central office staff, principals, teach- 
ers, students, parents, and citizens represent- 
ing various community groups. The composi- 
tion oi such a committee may vary depending 
upon the size and complexity of the facility to 
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be designed and built. The main purpose for 
developing educational specifications is to 
provide an effective means of communication 
between the local administrative unit and the 
design professionals (architects, landscape 
architects, and engineers). The spr cifications 
should describe in detail the activities that are 
proposed for the facility. In essence, the com- 
mittee's re^nsibility is to provide a descrip- 
tion of the facility needs for implementing a 
well-planned science program. The responsi- 
bility of the design professionals, in turn, is to 
design facilities to accommodate these needs. 

Educational specifications should be written 
as concisely as possible. To ensure concise- 
ness, the committef. should adopt a format for 
the educational specifications. A brief discus- 
sion of suggested format items follows. 

Educational Philosophy 

The educational philosophy can provide di- 
rection in all subsequent planning of programs 
and facilities and serve as a benchmark against 
which facilities and the program can later be 
evaluated. The philosophy may be in narrative 
icrm or in the form of a simple list of basic 
beliefs. In any event, it should be stated simply 
and concisely. 

Objectives of Science Teaching 

The desired outcomes in relation to student 
performance should be stated or listed in this 
sectioa Some may wish to list performance 
objectives for each subject area. The more 
current approach, however, is to think of the 
major objectives of science teaching as essen- 
tially the same for science at any level or in 
any specific subject area. 

identifying Trends 

Major trends in the area of science instruc- 
tion should be identified by the committee. 
The trends and their implications for the sci- 
ence program and the facility should be writ- 
ten as thoroughly yet concisely as possible. 

Teaching Methods 

Before describing methods to be used in a 
new facility, the committee should review the 
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teaching methods presently being used. The 
methods the committee thinks will best ac- 
complish the philosophy and objecthres of the 
planned program should be carefully consid- 
ered. This component of the educational speci- 
fications is a most critical one: Unless it is 
done thoroughly, facilities may later determine 
the teaching methodology used. 

Activities 

Activities that will take place in the instruc- 
tional and auxiliary areas should be listed or 
described. The number of persons (groups, 
individuals) to be involved in the various ac- 
tivities should be given. Knowing as much as 
possible about the activities to occur in each of 
the different areas will aid the architect in de- 
signing for sound and visual considerations. 
The mechanical/electrical support systems- 
cooling, heating, lighting, exhausting— will 
most likely be affected by the nature of the 
activities that will take place in the different 
areas. The activities, to a great extent, will 
determine the type of spaces, furniture, and 
equipment needer^ to support the science pro- 
gram. 

General Information 

This is the place to list the grade levels, the 
maximum projected science enrollment, and 
the maximum class size to be accommodated 
by the new facility, fhe daily time schedule- 
number of class periods, modules, rotating 
schedule— should b^ described. Courses and 
number of classes per period of time (day, 
week) at the secondary level need to be stated. 
From the above information, the types and 
numberof spaces (e.g., classroom-laboratories, 
multipurpose rooms, student project rooms, 
teacher offices) needed can be calculated and 
listed. If the structure is being planned for 
elementary school science, it will in most cases 
be a multipurpose room for different subjects. 
To assist the architect in allocating space in 
the plans for the entire science program, pro- 
jected space requirements for each of the in- 
structional and auxiliary spaces should be 
provided. If additional facilities (e.g., green- 
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house, planetarium) are planned for the fu- 
ture, itiey should be listed here so that their 
projected locations can be integ^ted into the 
overall design. 

^leGification for Main Instnictional and 
Auxiliary Areas 

list and describe in detail what is desired 
and needed in the way of instructional and 
support areas, classroom and laboratory furni- 
ture, and utilities. Furniture, by type, size, 
quantity, and location should be listed and 
described. The committee should visit several 
schools with well-designed facilities to help 
them in preparing this most important section 
of the educational specifications. 

Any special environmental considerations 
such as special visual, oustical, or mechani- 
cal requirements should be made known at 
this point Examples of such considerations 
are light control and soundproof capabilities, a 
special exhaust system in chemistry areas, and 
acoustical privacy in reading/study areas. 

Requirements for special facilities, equip- 
ment, and systems such as closed-circuit tele- 
vision, information retrieval systems, comput- 
ers, and specially equipped carrels should be 
listed and described. It is easier and cheaper 
to design and install utilities for these items in 
the beginning than to do so later. 

The size and shape of needed storage facili- 
ties should be described here. Architects need 
to know which areas will be open or enclosed, 
which areas require security provisions, and 
which areas should be designed for the stor- 
age of hazardous and /or corrosive chemicals. 
Separate storage facilities for sensitive equip- 
ment — especially delicate metal items— should 
be specified. 

If the committee thinks it is important for 
the science complex to be either separate from 
or adjacent to other discipline or special serv- 
ice support areas, such specifications should 
be indicated. It has been found that if science 
students have to walk past only science classes 
on their way to the libniy, library use increases 
(Engelhardt, 1970). 

To ensure better communication between 
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the specifications conmiittee and the architect, 
the conunittee may construct graphic or picto- 
rial representations of layout concepts and/or 
spatial relationships. 

Miscellaneous information 

This is the place to describe information not 
appropriate in any of the above sections. If the 
conmiittee finds no need for such a section, 
however, it may be omitted. 

Once the conunittee has finished developing 
the educational specifications, its major input 
into the planning and designing of the science 
facility is near completion; however, it should 
remain available to confer with the architect 
and engineer throughout the development of 
the schematics and working drawings. The 
specifications should then be typed or printed 
in a format convenient to follow and be pre- 
sented to the local board of education. 

Factors to Consider When 
Planning Science Facilities 

The physical aspects of a science facility— its 
components, dimensions, and design— can 
enhance or inhibit what is to be learned and 
affect the feasibility of using certain instruc- 
tional strate^es. Thus, U is important for facil- 
ity planners to understand the relationship be- 
tween facility design and the nature of learn- 
ing. It is also important that they know what 
characteristics and components of a science 
facility are needed in order to provide the most 
effective support for a well-planned science pro- 
gram. 

Following are factors to consider when de- 
signing and planning school science facilities. 
They should be of particular interest and help 
to those persons with little relevant experi- 
ence who find themselves involved in develop- 
ing educational specifications for new science 
facilities: 

• Using ideas from many sources in planning 
science facilities 

• Budget for equipment and materials 

• Site selection 
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• General characteristics of science rooms 

• Recognition of individual differences 

• The visual, acoustical, anH thermal environ- 
ments 

• Ventilation 

• Safety 

• Space requirements 

• Rooms and spaces 

• Spatial relationships 

• Clustering 

• Chalkboards 

• Facilities for handicapped students 

• Provisions for media usage 

• Computers 

• Factors related to science classroom furni- 
ture 

Using Ideas From Many Sources in 
Planning Science Facilities 

It is important to seek ideas from many 
sources when planning science facilities. Sci- 
ence teachers' ideas should certainly be solic- 
ited. Persons responsible for preparing science 
teachers should be consulted, as well as the 
people closely concerned with the operation of 
schools — ^board members, school administra- 
tors» school plant operators. 

The ideas of planning experts may be ob- 
tained through published articles and books. 
Local persons-^business personnel, druggists, 
scientists, naturalists^may have ideas worth 
considering. The ideas of students and recent 
alumni should not be overlooked. While stu- 
dents may not be able to offer many worth- 
while ideas, their involvement in the planning 
process will probably result in more positive 
attitudes toward the science program and the 
new facilities. 

Budget for Equipment and Materials 

All too frequently, science facilities are 
planned and built with insufficient considera- 
tion given to providing the fiinas needed to 
purchase tools of instructions-equipment and 
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materials— the "nuts and bolts" of science 
instruction. This oversight often presents the 
mstructional staff with a situation that makes it 
impossible to carry out a well-planned labora- 
tory-oriented program. To omit such items 
from the overall plan is like failing to provide 
electrical appliances and cooking utensils for 
home economics, or typewriters for the typing 
class. 

Normally, equipment and materials are not 
included in the general construction contract 
Therefore, a budget for equipment and materi- 
als should be made at the same time that one 
for the general contract is being prepared. 

Site Selection 

When a site for a new school is selected, 
consideration should be given to the potential 
contributions of the site to the teaching of sci- 
ence. Preservation of natural features on a 
school s*te can make science instruction much 
more meaningful than it is in the classrooms 
alone. Natural areas can be used especially 
well with biological and earth science classes. 
Portions of the site should be staked off to 
prevent damage to their naturalness during 
construction of the school. 

Not only can natural areas on a school site 
be incorporated into the educational process, 
they can, if properly maintained, also enhance 
the school's aesthetics. The services of a land- 
scape architect may be required. 

General Characteristics of Science 
Rooms 

In this section, "science room" refers to the 
main instructional area, whether it be a multi- 
purpose room, a classroom-laboratory combi- 
nation, a specialized laboratory, or a student 
project-laboratory. For the rooms to be appro- 
priately designed and located, the science pro- 
gram must be planned first The general nature 
of science demands facilities which will permit 
many types of activities and the use of equip- 
ment and materials under a variety of class- 
room organizations. The rooms should be flex- 
ible enough to allow for entire class, small 
group, or individual activities, especially if they 
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are being designed for elementary school sci- 
ence. 

Recognition of Individual Differences 

Individual differences among students call 
for ticOities that can be altered or reamnged. 
Sdence rooms, especially in small schools, 
should be so arranged and furnished that they 
can be used for different sdence courses and 
for a wide variety of activities within each 
course. Such rooms make possible the use of 
many teaching methods and techniques which 
can effectively accommodate the individual dif- 
fierences among students. 

Environmental Considerations 

Human beuigs are both consciously and 
subconsciously affected by their environments: 
The physiolos^cal and psychological ffects of 
the environment in terms of heat, light, sound, 
ao<^ smce have been researched and docu- 
rr ' to some extent However, research 
ha. ^n !ec« successful in supplying answers 
abo it the effcscts of the environment on hu- 
nvui attitudes and behavior. Although archi- 
tects and interior designers try to take ir. 
consideration the effects of the environment 
upon humans, their >*ork is usually based 
bu*gely on personal preference, imagination, 
and intuition rather than on the results of 
systematic research. As more is learned about 
environmental psychology, responsible plan- 
ners should keep abreast of the new informa- 
tion and its impUcatiors for educational facili- 
ties (Council for Educational Facility Planners, 
1976). 

The Visual Learning Environment 

It is gen *^ly agreed that most learning 
comes about through the sense of vision 
(McVey, 1971). Conditions allowing feist, accu- 
rate, and comfortable visibility must be pro- 
vided in educational facilities. The level of illu- 
mination is not the only hdor to be consid- 
ered: balanced brightness and the elimination 
of glare also contribute to visual accunicy and 
comfort 

Planning and designing an efficient visual 

ERiC 



learning environment for a science facility is a 
job for professionals— architects, as well as 
visual and illumination engineers. Educators 
can assist with the task by defining the pro- 
gram to be offered, identifying the users, and 
describing desired physical features. 

The Acoustical Learning Environment 

Designing a good acoustical environment in 
an educational facility involves sohing two 
problems: controlling the sound within a par- 
tict V space, and preventing the intrusion of 
unwanted sounds from outside the space 
(Council for Educational Facility Planners, 
1976). 

The objective in acoustical design should be 
to secure desired speaking and hearing condi- 
tions in an aesthetically pleasing setting at the 
lowest possible cost Traditionally, acoustical 
considerations Itave been focused on special- 
izrd spaces such as auditoriums, libraries, and 
broadcasting and recording studios. However, 
the need for controlling noise in regular study 
areas and laboratories is now widely recog- 
nized. A quiet eiivironment results ui greater 
efficiency and alertness. It is generally cred- 
ited with decreasing htigae and mental strain. 
Consequently, acoustical treatment must be a 
prime consideration in the design of all educa- 
tional feicilities. 

The Thermal Learning Environment 

Until recent years, tlie thermal environment 
in elementary and secondary schools was 
equated with heating and was considered rela- 
tively unimportant in planning new facilities. 
Even today, too many school planners— edu- 
cators, architects, engineers— still fail to real- 
ize or understand the impact of the thermal 
environment upon teacher effectiveness and 
student performance. However, the situation 
continues to improve as more is learned about 
desirable thermal environments and their ef- 
fects on students and teachers. 

Busmess and mdustry leaders have long been 
sensitive to the belief that improvement of 
thermal environmental conditions uicreases 
the productivity of their workers. Evidence 
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from subjective observrations suggests that 
students enjoy more and perform better in 
schools with a well-designed thermal setting. 
A study by the University of Iowa revealed the 
following: 

Preliminary research by the Iowa Center re- 
veak that there is significant positive relation- 
ship between the thermal environment in which 
children work and study and their ^ciency in 
learning. Children did learn better under model 
thermal conditions. The knowledge of this rela- 
tionship (^rds an increased control over men- 
tal fiinctions in the classroom. It adds to our 
understanding, gives us power to increase effi- 
ciency in learning, and places on us the respon- 
sibility to provide the favorable environment for 
learning, (Peccolo, 1963) 

Human beings are complex organisms that 
do not function well at high or low tempera- 
tures. Student efficiency declines when tem- 
perature of the air and surrounding surfaces 
vary much from an optimum temperature of 
21 to 24 degrees Celsius (70 to 75 degrees 
Fahrenheit). Due to such differences as dress, 
metabolic rate, and reactions of individuals to 
heat and cold, opinions vary among classroom 
occupants concerning a desirable temperature. 
Women generally prefer a temperature about 
\y 0 degrees above that preferred by men. Stu- 
dents, in general, prefer a lower temperature 
than do adults (Gilliland, IS'^Q). 

Current circumstances influencing the de- 
sign of heating, ventilating, and air condition- 
ing systems for schools today include: (1) the 
"open-schoor plan, (2) the cost of energy and 
the need for energy conservation, (3) extended 
community use of the school and year-round 
schooling, and (4) the pressure for economy. 
The flexibility built into today's educational 
facilities has dramatically increased problems 
of heating and cooling. These problems have 
been compounded by the increased use of elec- 
tronic media and variety in the shapes and 
sizes of learning spaces (Council of Educa- 
tional Facility Planners, International, 1976). 

These three aspects of the learning en>dron- 
ment— visual, acoustical, and thermal — are all 
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important to the safety, comfort, and well-being 
of the users of science facilities. They are in- 
terrelated. For example, the heat load of the 
lighting system must be entered into the cal- 
culations for the thermal enwonment; like- 
wise, the noise factor of the thermal systems 
must be taken into consideration in the design 
of the acoustical environment Acoustical treat- 
ment (e.g., carpet) in some cases can enhance 
the thermal environment and vice versa. Fluo- 
rescent lighting contributes to the background 
noise level of the classroom and ballasts should 
be selected with this in mind. All of these in- 
terrelationships point to the necessity for co- 
ordination in the designing of the different en- 
vironments of an educational facility. Well- 
designed environments can be accomplished 
only through cooperative efforts of educators, 
architects, engineers, and specialized consult- 
ants. Architects normally assume the leading 
role in coordinating the efforts of the different 
groups. 

Ventilation 

The ventilation and exhaust facilities for the 
science complex should be adequate and inde- 
pendent of all others. The ventilation system 
should move odors from the science area di- 
rectly to the exterior to avoid their penetraf.on 
of other parts of the building. Care should be 
taken, though, not to vent the fiimes outside 
near air intakes. Ducts carrying fiimes, espe- 
cially those leading from chemistry and chemi- 
cal storage areas, should be made of (or lined 
with) noncorrodible material. 

Planning for adequate ventilation is a most 
critical phase of the entire facility planning 
process. Proper ventilation not only provides 
for the comfort and safety of the users of the 
science areas, it also helps prevent equipment 
and material deterioration and makes for eas- 
ier maintenance. The responsibility for design- 
ing an appropriate ventilation system is that of 
the architect and engineer. The job of the edu- 
cators is to inform the architect and engineer 
as to what the science program is going to be 
and how the area is going to be used. The 
educators should be as specific as possible 
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regarding activities to be conducted, equip- 
ment and materials to be used, and the nature 
of substances to be stored in the various areas. 
The technical aspects of the job and the code 
specifications should be left to the architect 
and engineer. 

Safety 

Prominent in the minds of focility planners 
should be concern for the safety of those who 
will be using the facilities. Due to the general 
nature of science, science laboratories are 
among the most hazardous instructional areas 
in the school. Attention should be given not 
only to the design of facilities that promote 
safety, but to the establishment of emergency 
IM'ocedures. 

The variety of laboratory activities necessi- 
tates special planning, particulaiiy with regard 
to fire and accident prevention and for first aid. 
Provisions for good housekeeping and stor- 
age contribute to both safety and cleanliness. 
The basic design and arrangement of the room 
furnishings and the nature of the interior con- 
struction should be planned for comfort, safety, 
health, and ease of maintenance (Richardson, 
1961). 

Space Reqa<Tements 

The study of science requires much class- 
room, storage, and auxiliary space. Attention 
should be fi^ven both to tiie allocation and 
distribution of space. The amount of space to 
be allocated to the science complex within a 
school is determined by the type of program 
offered and the number of students served. 
The ability to rearrange space to accommo- 
date small group or individual project work 
should be considered: without this capacity, 
some valuable learning activities may be sacri- 
ficed. 

Rooms and Spaces 

With the recent innovations m individual- 
ized instruction, expanded curricula, and flex- 
ible schedulmg, special attention should be 
ghren to the design of rooms and other spaces 
which support the science program. The Na- 



tional Science Teachers Association states the 
importance of carefully designed rooms and 
spaces for science instruction: 

Certainly there is some element of truth in the 
romantic notion that learning can take place 
anywhere and under any circumstances. But the 
larger truth is that the systematic, efftdive learn- 
ing of science by large numbers of students re- 
quires the provision of rooms and spaces care- 
fully designed for that i>urpose. These learning 
spaces and their furnishings must take into 
account: (a) the great diversity of students who 
will use them, (b) the nature of science, (c) 
current approaches to and trends in science 
teaching, and (d) the need always to keep the 
safety of students foremost in mind. The conse- 
quence will be a set of well-fiimished and safe 
science rooms that include spaces for laboratory 
work, for group instruction, and for individual 
study, (1970) 

If a sufficient number of well-designed rooms 
and spaces are to be included in the new school, 
the educators must provide the design profes- 
sionals with appropriate information. Again, 
before this infoiniation can be provided, the 
science program must be thoroughly planned 
and the need for a variety of spaces carefully 
considered. 

Spatial Relationships 

Facility planners should carefully consid. 
the location of the science complex in relation 
to other areas of the school. Details of the 
desired relationships should be included in 
the educational specifications. Specifications 
for spatial relationships should be prepared by 
an interdisciplinary group, including represen- 
tation from all disciplines, the media center, 
the guidance department, and the administra- 
tion. 

Clustering 

There are advantages to clustering all the 
indoor science rooms and spaces in one gen- 
eral area. One important consideration is cost: 
Less footage of drainage, water, and gas lines 
is required when the science complex takes 
the clustered form. The separate ventilating 
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and air conditioning systems are less costly 
and piobably less complicated to design, and 
multi-use of equipment and materials is more 
likely to occur, reducing the necessity for 
duplication, e^)ecially of the more expensive, 
sophisticated pieces of equipment In a large 
school, grouping the physical sciences together 
aiid the life sciences together within the clus- 
ter of science rooms could prove to be benefi- 
cial with regard to equipment usage and stor- 
age. 

^Ith the science facilities clustered, there is 
less likelihood (hat obnoxious odors will be 
spread from the science rooms throughout the 
rest of die building. Sometimes laboratory 
classes tend to be a little noisier than some 
other acadeiJc classes. Concentrating the ''lab 
noises" may be desirable, e^)eciaily for stu- 
dents and teachers in other subject areas. 

Chalkboards 

The chalkboard is still considered by many 
teachers from all disciplines to be an essential 
teaching tool. Once chalkboards are installed, 
they become permanent fixtures. For that rea- 
son, the selection of boards should be done 
very carefully. 

From personal experience, observation, and 
advice from professionals in education, this 
writer recommends the slate (dark gray) chalk- 
board, especially for use in traditional class- 
rooms. Slate is easily maintained; it may be 
cleaned and used immediately several times 
during a single class period, a characteristic 
desirable : j cannection with some science 
courses, e^r.c■ -ally the physical sciences. 
WhereL re,.rans[ v ?s are used for instruc- 
tional ?.e;*£, pirA..;*T& '^ay want to consider 
portaKd ch^ilkhoar.t , r> Siiother material, since 
slate!/, latb^- fu ^^y, 

Cont aiy \ wtiSLi some believe, slate is avail- 
able M icient quantities to satisfy a greater 
demand than that which exists today, accord- 
ing to James F. Wilson, assistant general man- 
ager. Natural Slate Blackboard Company, Pen 
Ar.71, Pennsyhrania. There are neveral active 
slate quarries in Pennsyhrania. Natural slate is 
also quarried in Italy and exported to the United 
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States. Consulting the custodian who is re- 
sponsible for keeping the boards clean might 
also be worthwhile. 

Facilities for Handicapped Students 

Special consideration must be given to handi- 
capped students when designing any educa- 
tional facility. Differences between special 
education programs and regular education 
P'-ograms do not appear as definitive as they 
once did. Efforts to improve special programs 
for students with more conspicuous differences 
have highlighted differences that exist among 
all students. The lessening of the distinctions 
between special and non-special education and 
the recognition that all students are. in their 
own ways, different, have helped pave the way 
for the introduction of handicapped students 
into the mainstream of education. The rights 
of young people to equal treatment, equal edu- 
cation, and equal opportunity have been up- 
held by the courts. Educators and design pro- 
fessionals cannot afford to ignore trends in 
special education and its relationship to regu- 
lar education. All students must be permitted 
to enter the mainstream of education. 

Provisions for Media Usi^ 

The fi^quency with which instructional 
media are used in any program will depend 
upon the accessibility and availability of both 
materials and equipment Because of the prob- 
lems invohred in moving students from one 
area to another, audiovisual materials and 
equipment are used satisfactorily and effec- 
tively in the regular classroom. This prefer- 
ence for such media in the regular instruc- 
tional setting has implications for the planning 
and designing of science classrooms. Atten- 
tion must be given to adequate provisions for 
media usage in conjunction with the designing 
of the learning environments— visual, acousti- 
cal, thermal. Proper design of walls, flooi^, 
and ceiling surfaces for these environments 
may enhance or restrict the use of instruc- 
tional media. 

With the expanding variety of instructional 
media being developed, facilities must be 
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planned with possible future developments in 
mind. Facility planners should think ahead 
many years to the possible electrical and com- 
munications requirements. Accessibility to 
raceways and conduits, as well as adaptability 
of the entire wiring system to future changes, 
should be given consideration. 

Computera 

mor to the 1980s, computer-assisted instruc- 
tion was used in only a small percentage of the 
science classes in this country, due in part to 
the costs, the sophisticated nature of comput- 
ers, and preference for the active laboratory 
phase of viable science learning. 

When computers were first introduced into 
the elementsuy and secondary schools, mathe- 
matics teachers were more likely than science 
teachers to request computer facilities and to 
provide instruction in their use. However, this 
is no longer the case. Many science teachers 
" t now using computers with their students 
to sohre a variety of laboratory problems. Since 
both science and mathematics students are 
increasing their use of computers, educators 
might do well to keep this in mind and plan 
computer facilities which are convenient for 
both mathematics and science classes. 

Educators and architects should call upon 
professional consultants for advice in planning 
and designing space for computer facilities. 
Computer technology is advancing so rapidly 
that special consideration may need to be given 
to deigning for future advancements. 

Factors Related to Science Classroom 
Furniture 

It is important to provide furniture which is 
aesthetically pleasing and physically comfort- 
able. It is also important to select furniture 
which is durable. Below are some important 
aspects of science furniture for secondary 
schools which should be taken mto considera- 
tion when furniture selections are being maoc. 

1. Stand-up woric counters are normally about 
90cm(36'') high. 

2. Sit-down work counters are normally about 



75 cm (30") high. 

3. When chairs or stools are used with work 
counters or other laboratory units, there should 
be a difference in height of about 25-30 cm (10- 
12") from the top of the stool or chair seat to 
the top of the working surface. 

4. Chairs with seats about 45 cm (18") high are 
normal for secondary school students as well 
as adults in general. Stools that can be ad- 
justed from about 45 cm (18") to 68 cm (27") 
are available for purchase. 

5. The distance between the top of a 90 cm- 
high work counter along a wall and the bot- 
tom of a waU unit 75 cm high should be 45 cm 
so the top of the wall unit(s) will be in line with 
the tops of other pieces of furniture, such as 
storage and display cabinets, which are nor- 
mally 210 cm (7') high. Thirty^ight cm (15") 
are sufficient in cases where other pieces of 
furniture are not taken into consideration. 

6. Many different materials are used to make 
tops (working surfaces) for science furniture*. 
These include 

• Welded fiber — ^not recommended for wet 
areas, especially where sinks are uistalled 
underneath the tops, and where strong acids 
or heat are to be used 

• Impr^ated natural stone— recommended 
for areas exposed to heat, moisture, and acid 

• Colorlith (has asbestos and portland cement 
base with vinyl wax coating) — ^resistant to heat, 
acid, and moisture; however, after wear has 
abraded the wax, water and chemicals will 
penetrate and cause staining. Restrict its use 
to physics laboratories; instruments and other 
items dropped on it are not as likely to break 
as when dropped on stone or epoxy resin tops. 

• Epoxy resin (thermoplastic materia!)— most 
resistant of all materials discussed here; pres- 
endy is most expensive. Sinks are conunonly 
made from this material. Hydrofluoric acid will 
etch it slightly. 



* Recommendations are those of the writer, based on my 
observations and knowledge of tiie various materials. 
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• Laboratory-grade melamine plastic laminate 
(specially formulated for laboratory use and 
laminated on plywood or chipboard)— recom- 
mended for dry areas at the junior high school 
level. Also suitable for dry desk/table tops at 
afiy level. 

7. Counter tops that adjoin walls should have 
a curb (backsplash) along wall edge and on 
the ends where they abut a wall, an appliance, 
or a piece of furniture. 

8. If cabinet doors and drawers are to have 
locks, master keys (one key fits all locks) should 
be obtained. An extra copy of the mas- ter key 
should be labeled and stored in the school 
office for safekeeping. A key cabinet should be 
placed in each room where there are locks op 
cabinet drawers and doors to alleviate the in- 
convenience of having to search for individual 
keys from a pile of keys in a drawer or box. 

9. Security panels should be provided between 
locked drawers over locked cupboards to pre- 
vent unauthorized entry from the drawer open- 
ing above. 

listed below are some items pertinent to 
planning facilities for elementary school sci- 
ence: 

• Flat-top working surfaces 

• Working surfaces of material resistant to 
water, mild chemicals (e.g., vinegar, baking 
soda), and moderate heat 

• Sources of water and electricity 

• Appropriately coordinated seating and work- 
ing surface furniture 

• Sufficient storage and display space within 
the classroom 

• Classroom designed so that 'Vet" and "dry" 
areas are evident 

• Provision for teacher demonstrations 

Miscellaneous 

Provided in this section are some additional 
ideas to provoke further thinking and consid- 
eration by facility planners as they begin the 
process of planning science facilities: 
1. Demographers in the late 1970s v^ere warn- 



ing that student enrollments would continue 
to decrease each year in the foreseeable fu- 
ture. This phenomenon, compounded by other 
factors such as increasing costs and commu- 
nity attitude toward facilities, has created the 
issue of modernization versus replacement of 
existing facilities. The most appropriate way to 
deal with the issue is through well-designed 
feasibility studies. The solution to this issue 
presents the design professionals and educa- 
tors with a challenge to a degree with which 
they have never dealt 

Added to thi^ s the factor of mobility: Facili- 
ties must be provided where students are. 
Society's mobility may maintain or even in- 
crease the demand for the construction of new 
facilitieb toi y*»ars to come. ^Some usable build- 
ings may have to be abandcmed. 

2. There is a trend tov/ard greater use of public 
school facilities for adult education. Adult 
enrollment in educational activities is also on 
the increase. Design professionals and ed- 
ucators must heed the implications of adult 
education when planning for and designing 
new facilities. 

3. To boost faculty morale and create conven- 
ience in placing material orders, securing re- 
source speakers, arranging for field trips, and 
so on, a phone might be placed in each 
teacher's office. There should also be a phone 
in the science department chairperson's of- 
fice. Phone lines for computer hookups are 
increasingly necessary, so ftiture requirements 
should be noted here. 

4. To conserve storage space, it may be desir- 
able in some cases to place stacks of storage 
shehres on rollers or tracks so that they may 
be locked very close together. When some- 
thing needs to be taken from or put on a shelf, 
a single stack can be rolled out into position 
where it can be approached from either side 
and then rolled back into storage position. 

5. Due to the requirement of costly utilities in 
the science complex, the complex should be 
located so that additional rooms (space) and 
utilities can oe added later at minimum cost if 
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student enrollment, curriculum changes, or 
organizational a4iustments should denumd 
esqMUided facilities. 

6. The ability to darken the room is advanta- 
geous when e]q)erimenting with light, certain 
iriants and animals, photochemical processes, 
and when showing films or slides. When de* 
signing fiadlities with these activities in mind, 
sunlight can be considered a contaminant This 
might indicate the de^bility of rooms with- 
out windows. 

7. Fume hoods are normally installed in sci- 
ence rooms for ventilating purposes. They 
can also be used for ventilating storage rooms. 
It is not often done, but they can be installed 
in the waD which separates the classnxxn 
and storage ro(xn to serve both areas. When 
this is done, the fume hood must be of the type 
which can be entered from both sides. A simi- 
lar arrangement can be acccnnplished to serve 
two classromis by placing one or more fume 
hoods in the separating wall. 



8. Many small schools do not have sufficient 
student enrollment to justify a separate class- 
room-lab(Mratory for chemistry and for phys- 
ics. Too often a mistake is made, this writer 
thinks, by designing a chemistiy-physics room. 
The chemicals used, and some gases and 
vapors created in chemistiy, can be devastat- 
ing to physics equifxnent and sufvlies. A 
common storage room for physics and chem- 
istry is undesirable and often proves to be un- 
economical through the loss of equipment 
made inoperable by the corrosive action of 
gases and vqwrs. Physics might better be 
oxnbined with biology or some other science 
course. 

9. The myth that classroom teachers use only 
one basic method of instruction still exists in 
the minds of too many design professionals 
and educators. Sudi tfainldng helps to perpetu- 
ate the status quo in facility design and to 
hinder innovation. 
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1 o many science teachers, administrators, 
and attorneys, school science safety is a parar 
doxical term: the teaching of science invoh^es 
pairing potentially hazardous materials with 
inexperienced, untrained students and staff. 
To ag^rravate this matter, the science learning 
environment often lacks the necessary and ap- 
propriate safety equipment What are die safety 
implications in a situation like this? What are 
the legal complications? 

Surprisini^, an analysis of data collected by 
Gerlovich and Downs (1981) indicates that sci- 
ence environments are generally among the 
safest places in schools. They found, for ex- 
ample, that of 1,042 Iowa school accidents re- 
ported between 1980-^, only 9 percent of 
tfiese were science-related. Of these, 5 per- 
cent occurred in general science settings. 
During this same time frame, of 90 reported 
science accidents, 16 invoked glass cuts, 10 
invoked another person in a science setting, 
and only 8 invoh^ed chemicals. 

It seems that science teachers can avoid most 
safety and liability problems as long as they 
• ensure that instruction and supervision are 
adequate 

ERLC 



• maintain the environment properly 

• remain knowledgeable of properties and haz- 
ards affiliated with the equipment and chemi- 
cals used in their classrooms 

• anticipate safety problems and attempt to 
have them corrected o provide clear role mod- 
els in the appropriate use of such safety equip- 
ment 

Teachers should ahvays weigh an acti^t/s 
educational value against its hazard. If a spec- 
tacular but hazardous acthdty cannot be suffi- 
ciently altered to reduce the risk to coincide 
with its educational value, it should be elimi- 
nated from the science cour3e. 

The three authors of this chapter have, be- 
tween them, written five books and numerous 
safety articles. In the confines of the space 
allotted, however, this chapter will focus pri- 
marily on two areas: legal liability and the learn- 
ing environment 

Legal Liability 

Safety should be everyone's concern. People 
who behave in an unsaife manner not only ex- 
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pose themselves to a greater risk of acddent 
or ill health, but increase their chance of being 
held legally liable for injury to the property 
and health of others. For example, a careless 
driver endangers more than his or her own 
life; by also endangering the lives of others, he 
or she increases the chances of being lej^lly 
liable in an accident There is a direct correla* 
tion between safety and the conduct the law 
expects of us all. 

The civil law e]q)ressed throughout the 50 
states presumes that people have an obliga- 
tion to behave reasonably where their conduct 
affects other people. This is an extension of 
the criminal law, which is designed to protect 
the lives and property of citizens. The pro- 
scriptions embodied in criminal law are con- 
sidered undisputed specific dictates of reason. 
But, in a fi-ee society, it is neither possible nor 
desirable to specify everything that citizens 
ought to do to preserve order within society. 
Therefore, dvil law evohred to further protect 
the lives and iMioperty of individuals from events 
which are not criminal, but may nonetheless 
be unreasonable. The protection is afforded 
through a process of awards to victims of 
unreasonable behavior, exacted in the form of 
judgments agamst those who caused damage 
by behaving unreasonably— or unsafely. 

Simply put, anyone can be held legally ac- 
countable for the consequences of their un- 
safe actions. For those in science education, 
the lesson is that unsafe conduct in the labora- 
tory may make one personally and financially 
responsible for any harm resulting from such 
conduct. 

The l^al principles which govern this civil 
form of accountability are much the same 
throughout the country, and apply uniformly 
to all sorts of conduct (Gerlovich, Gerard, and 
Hartman, 1988). The most basic principle is 
that one has a duty as a citizen to behave 
reasonably toward others, which translates into 
legal terminology as a duty owed to avoid neg- 
ligent behavior. The law defines "negligence" 
as acting differently than a reasonable person 
would in a specific circumstance. It can mean 
either doing something unreasonable, or fail- 
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ing to do something reasonable. It may be 

helpful to think of negligence as carelessness. 
The standard of accountability in any given 

circumstance is determined by what ordinary 
people (often a jury) deem to be reasonable. 
There usually exists a body of law, built up 
over time fi-om previous, sirnilar cases, which 
gives precedent to the present case. In arriv- 
ing at its decision, a jury is guided by the 
opinions of experts familiar with the specific 
circumstances in which the accident took place. 
These experts testify based upon tiieir special- 
ized kno^edge and experience as to whether 
certain conduct was reasonable in a particular 
situation. For example, if a lawsuit arises from 
an accident occurring in a chemistry labora> 
tory, expert witnesses such as leading chemis- 
try teachers and safety experts may testify as 
to whether the accident was caused by unrea- 
sonable conduct, and, if so, by whom. A body 
of case law then builds up around specific sets 
of facts, guiding the decisions in future cases 
witii similar sets of facts (Geriovich, Gerard, 
and Hartman, 1988). 

How, then, should science educators con- 
duct themsehres in order to avoid beiiig found 
negligent and held liable for damages arising 
out of an accident? Although the law does not 
say that accidents ahvays result from negli- 
gence (tiiey often happen tiirough tiie fault of 
no one), there is a tendency in a complex tech- 
nological society to try to assign fauk and 
apportion liability accordingly This is espe- 
ciaUy true in education, where students are 
presumed to be under the care and protection 
of tiieir teachers. A science educator, tiien, 
must conform to what other science educators 
would consider reasonable in order to mini- 
mize tiieir risk of legal liability. This recom- 
mendation is laiigefy conunon sense. For ex- 
ample, a science teacher who asked a student 
to pour water into concentrated acid to demon- 
strate its e]q)losive effect would surefy be found 
n^ligent More technical matters, however, 
require judgement and testimony by otiier 
science teachers who are familiar with the 
given situation. The operative question revohres 
around what the consensus of opinion would 
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be as to the reasonableness of this conduct by 
odiers in the science education profession. For 
tiiis reason it is of the utmost importance that 
educators keep abreast of the developments in 
their profession in terms of both safety and the 
content they teach. Continuing education is 
essential to staying within the mainstream of 
opinion as to what constitutes reasonable 
behavior. 

Thereafter, educators must accept thdr re 
spcmsibility to inq)lement safe conduct in three 
main areas: first is the duty to adequately super- 
vise students, to iceep a watchful eye." hn- 
proper supervision is the single greatest cause 
of legal liability in science education. Proper 
supenasion will prevent most accidents. The 
second duty is to inform students of all fore- 
seeable and reasonable hazards. A teacher 
must tell students all that they need to know to 
partknpate safely in any gben learning project; 
the sy>propriate and accurate dissemination of 
information relevant to student safety should 
be an integral part of lesson planning. The 
third duty is to nudntain safe equipment and a 
safe environment in which students learn. All 
three duticis pertain to the teacher's responsi- 
bility when in chaige of students in a learning 
situation. Again, the duties must be performed 
according to the acceptable standards of the 
profession to insure protection from legal lia- 
bility. 

Of course, in addition to the conmion sense 
aspect of civil law, there do exist statutory or 
rule-specific safety requirements, such as those 
regarding eye protection. Failure to comply 
with these laws may result in an automatic 
finding of negligence against the teacher who 
does not comply. Thus, all laws, rules, and 
regulations must be carefully studied and ob- 
served in order to avoid being held negligent 
in an accident 

The Learning Environment 

The best learning is that which relates con- 
cepts to stimulating, handsK)n activities. In sci- 
ence, however, the benefit of learning must be 
weighed against the inherent risk of involving 
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Students in such activities. This weighmg is 
done by the teacher and the supervisor. 

The task of science supervisors and teach- 
ers is to determine an acceptable level of risk 
for all activities contained in the science cur- 
riculum. Supendsors should encourage classr 
room teachers to use science safety contracts 
(Gerlovich, Gerard, and Hartman, 1988) with 
their students, an effective way to establish 
mutual understanding of the importance of 
science safety. 

Another effectWe safety communications 
technique is the strategic use of safety signs ui 
science classrooms and laboratories. Such 
signs should be especially conspicuous and 
strategically placed to address such critical 
safety items as the use of cover goggles and 
the location of fire extinguishers, fire blankets, 
eyewashes, and drench hoses. Supendsors 
should ensure that both teachers and students 
know the location and retrieval process of 
safety equipment, especially fire extinguish- 
ers and fire blankets. Teachers must also know 
where to find and how to use the master shut- 
offe for water, gas, and electricity for their 
classrooms and laboratories. 

The great majority of states have initiated 
eye protective equipment or "goggle" laws to 
protect the eyes of teachers and students while 
they are engaged in activities mvohdng materi- 
als which could cause eye mjuries. Teachers 
in states which do not currently have such 
laws should still msist that their students wear 
appropriate eye protective equipment when 
necessary as an example of what a ''reason- 
able and prudenf* science teaching professional 
would do under similar circumstances. 

It is the responsibility of the teacher to re 
move any student who persistently ignores the 
rules to wear such specific safety equipment. 
Reasonable rdnforcement might uiclude de 
veloping a student safety contract that e3q)lains 
all fecets of safety, and requiring students to 
sign it to signify their understanding of the 
items; placing safety signs which emphasize 
the wearing of safety goggles in strategic loca- 
tions about the laboratory; and vocal remind- 
ers that equipment must be worn at the desig- 
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nated times and locations. At the end of this 
trail of prompts, the teacher must remove any 
student who disregards the ghren rules from 
the course in order to prevent injury to the 
offending student and/or those in the proxi- 
mate area. Failure to remove a student from a 
science course following repeated student 
defiance of rules could place tile teacher in a 
position of serious liability should the student 
or someone around be iiqured. This is a teacher 
responsibility tiiat must not be taken lightiy. If 
there is any pos^ility of eye iiyury, the teacher 
should err on the side of caution and require 
the wearing of protective eyewear. 

Labeling of chemicals and supplies is an- 
otiier vital safety factor for which tfie supervi- 
sor is re^nsible. Supervisors should work 
with classroom teachers to develop an appro- 
priate system of labeling all chemicals witii 
the substance name, date received, ingredi- 
ents, hazards, incompatibilities, and disposal 
date. One system gaining widespread use in 
schools is the National Fire Protection Asso- 
ciation (NFPA) 704 Hazard Identification Sys^ 
tem. This sjrstem uses a hazard diagram to 
visually communicate the hazardousness of 
substances relative to flammability, reactivity 
with other substances, human health hazard, 
and any special problems. If the chemical 
supply contains unlabeled substances, they 
should be identified and the., eitiier properly 
stored or disposed of according to local, state, 
and federal standards. 

The science supervisor should organize and 
implenunt an eifective storage system for 
chemicals and supplies. The stor^e of chemi- 
cals can be made safer by providing 

• isolation of incompatible chemicals 

• protection ofchemicals from excessive heat 
or cold 

• proper ventilatbn 

• security against unauthorized access (Man- 
ual of Safety and Health Hazards in the School 
Science Laboratory, 1980) 

Separating equipment items from chemical 
supplies also increases the life of many types 
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of apparatus and jMwents chemical reactions 
from affecting their proper frmction. 

It is assumed that all schools conduct peri- 
odic evacuation drills. In addition, the science 
supervisor should assist teachers in designing 
and practicing drills specific to the science 
setting. TTiis provides students witii handson 
learning of tfie correct procedure to follow in 
an emergency situation. Simulations can be 
formulated for specific science emergencies, 
such as chemical splash in the eyes or on a 
student's clothing, or an eqdpment fire. These 
emergencies may be acted out using a singje 
student as the victim and his or her peers as 
safety monitors. Such simulations should be 
conducted periodically on an impromptu ba- 
sis. 

The science supervisor should also take an 
active role in planning and conducting safe 
science activities off school premises. He or 
she should woric cooperatbely with the class- 
room teacher in formulating tiie activity's 
purpose, teaching objectives, desired student 
outcomes, and evaluation of student achieve- 
ment The amount of adult supervision varies 
with tiie degree of danger invohred in tiie ac- 
tivity, the novelty of tiie environment to be 
experienced, and the age of the students par- 
ticipating. 

A signed permission form should be receded 
from tiie parents or guardians of each student 
before their invohrement in tiie activity. These 
forms should describe the type of school-sanc- 
tioned student transportation to be used, a 
description of tiie field site, tiie activities to be 
conducted, and the date and time of activity. 
Providing such forms to parents or guardians 
provides tiiem witii the opportunity to decide 
whetiier tiiere are certain features of the activ- 
ity in which their child should not participate. 
A student with hay fever, for example, might 
be prevented from studying the grassland eco- 
system in the £all. 

The supervisor should assist the teacher in 
conducting an on-site visit to the proposed 
study site before invohdng students in tiie ac- 
tivity, to acquaint tiie teacher witii any pos- 
sible hazards. All such hazards should be dis- 
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cussed with students before the visit Appro- 
priate safety equiimieiit should be inspected 
to assure that it is functional, adequate, and 
diat students can <H>erate it If the hazards 
exceed tfie educational value of the activity, oi 
if necessary safety equipment cannot be pro- 
vided, the activity should not be undertaken. 

The science supervisor should assist the 
teacher in identifying apprc^riate student trans- 
portation tor off^ool premise activities. Only 
school vehicles or school-sanctioned vehicles 
should be used: using schootsanctioned ve- 
hicles assures tiiat insurance is provided for 
teachers and students and that the school 
administi^tion is apprised of the activity. In 
addition, school vehicles generally provide 
appropriate safety items for students. 

The supervisor and the teacher must also 
ensure student protection at the visitation site. 
P^dring students is an effective method: Mak- 
ing one student responsible for his or her part- 
ner helps assure that help can be secured if an 
iqjuiy occurs. This arrangement is especially 
critiad if students will be out of the teacher's 
sight at any time during the acthaty. 

The science supervisor should assume much 
of the responsibility in making the environ- 
ment safe fnr student learning. He or she 
shouki ensure that the above topics are ad- 
dressed , in detail and within the context of the 
individual school district's setting. An excel- 
lent way to do this is by arranging for a quali- 
fied science education safety specialist to con- 
duct a thorough safety inservice session for all 
science teachers. In addition, the supervisor 
should help establish a K-12 library of safety 
references such as those provided at the end 
of this chapter. 

In summary, science supervisors and teach- 
ers are no different fix>m any other profession- 
als when it comes to avoiding legal liability. 
They must behave reasonably, use good com- 
mon sense, employ the safe practices recom- 
mended within the [Mt>fession, and avoid ex- 
posing students to hazards deemed unaccept- 
able by qiuMed peers. The study of science 
periodicdly invokes hazardous activities, and 
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it is the professional and ethical responsibility 
of the science supervisor, an educational leader 
for the district to assure that the danger in- 
voked m such acthdties does not exceed their 
educational value. 
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Both science students and teachers can profit 
in ma ly ws^s by culturing living organisms. 
Culturing your own organisms is an inexpen- 
shre altemathre to buying them from conmier- 
cial sources; in actively caring for the organ- 
isms, students learn both laboratory skills and 
a sense of responsibility for various kinds of 
living things, lliis chapter describes basic prin- 
ciples invoked in setting up a culture center 
for some conmionly used vertebrates, inverte- 
brates, and plants. Once you have some expe- 
rience with the organisms described here, you 
may want to try growing organisms that re- 
quire more specialized culturing techniques. 

Getting Started 

by evaluating your program's needs. 
Which plants and animals are used in your 
science labs and demonstrations? Do any of 
these organisms have needs you can meet at 
school? Begin with what you know best 

Next, evaluate your resources. Enlist student 
assistance in planning the center and provid- 
ing the active care the organisms need. You 
win need to determine equipment needs and 




posi^ible sources: Students can be ingenious in 
finding materials and equipment that teachers 
sometimes overtook. Send 'Vant'* lists of simple 
household materials home with the students. 
Many parents will gladly donate glass contain- 
ers, old anuariums, fluorescent light fixtures, 
plants, pots, and potting soil. You may also 
want to organize parent or conmiunity volun- 
teers to help set up the center, contact local 
retirement groups for the names of people who 
might be willing to give valuable time and 
assistance. 

Equipment Needs 

A. culture center needs containers of many 
sizes — conunercial culture dishes, baby food 
jars with lids, glass or plastic jars, one-gaUon 
plastic milk jugs, plastic trash cans, and plastic 
bags for storage and collecting. Other glass- 
ware items needed are lab bottles, micro- 
pipettes, and glass oven basters. Some pos- 
sible sources for glassware and other iteMS 
include the school cafeteria, hospitals, clinics, 
local businesses, and even yard sales. Fast- 
food chains purchase many items in reusable 
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plastic buckets and jars that can serve as cul- 
ture containers. 

A large pressure cooker is required if your 
lab does not have an autoclave to sterilize glass- 
ware and solutions. Plastic containers can be 
sterilized with a diluted solution of chlorine 
bleach. 

Other items needed are racks or book- 
shelves, fluorescent lights, aquariums, air 
pumps, cages, dishes, and water and electric- 
ity supply. A separate room for your culture 
center is desirable, though the comer of a 
classroom will do. 

Water 

tap water and distilled water may contain 
minerals detrimental to many protozoans and 
other small animals, the water you use should 
be collected from springs (pondwater can be 
used as a last resort) in clean jugs and stored 
in the dark for a least a month: this helps settle 
sediments and assists in the sterilizing proc- 
ess. Alternatively, springwater can be boiled 
and cooled overnight Keep a 15- to 20-liter 
supply in plastic jugs on hand at all times: 
these should be dated and the stock collected 
and rotated on a regularly scheduled basis. 

Lighting and Weelcend Care 

me 0 ganisms require light for successful 
culturing: place these cultures near a window 
or source of artificial light Warm-colored fluo- 
rescent lights and those designed for pl-^jit 
growth are recommended (cool fluorescent 
lights may lack the wavelengths required by 
some organisms). Incandescent lights can also 
be used, and can serve an alternative source of 
heat over weekends. Use timers to turn lights 
on and off during weekends and holidays. Many 
oiganisms can withstand cold temperatures 
over short periods of time, but some larger 
plants and animals may not be able to survive 
these conditions: these should be ''adopted" 
by students and taken home over long week- 
ends and holidays. Parental permission and a 
list of requirements needed for sustaining the 
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plants or animals should be part of the distri- 
bution procedure. 

Invertebrates 

Culture and equipment requirements are 
given below for invertebrates commonly used 
in life science or biology classes. Once profi- 
ciency is gained in running a Uving oiiganisms 
culture center, other organisms can be added 
to the center's Uving materials list 

Protozoa 

Initial cultures of protozoa such as Aimme- 
cium or Euf^ena should be oruered from com- 
mercial biological sun>ly houses to ensure their 
purity. Many of these oiiganisms can be col- 
lected from ponds, but pure cultures save time 
and effort unless you have the student labor 
force to isolate indhddual species with a micro^ 
scope and micropipettes. Conunercial cultures 
have been grown in containers and are more 
adaptable to classroom use. Culture media and 
solutions can also be purchased, but these can 
be made inexpenshreb^ iu a culture center with 
materials usually available in a high school 
science chss. 

Paramecium caudatum are more easily cul- 
tured in dishes that stack. Pour 200 milliliters 
of aged springwater in each dish, add two 
grains of wheat (available fix>m health food 
stores) and two stems of timothy hay 2-3 
centimeters long. Stack these dishes in the 
pressure cooker, ensuring that the top dish is 
empty— this dish will keep the other cultures 
from drying out Sterilize the materials for 15 
minutes at 15 pounds of pressure. Allow dishes 
to cool overnight in the pressure cooker. To 
inoculate the dishes with commercial cultures, 
examine the culture under a dissecting scope 
and use a micropipette to transfer the organ- 
isms into the individual dishes. Stack cultures 
and place in dim to moderate light at room 
tenr!perature (20^C). 

Amoeba may be cultured following the same 
directions, but use three or four grains of yfheBt 
and omit the hay. Keep all cultures covered to 
keep ovt dust and prevent evaporation. Sub- 
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culture every two to three weekc$ and discard 
old cultures. 

EngUna s^. can be easily cultured by taking 
500 milliliters of aged springwater and adding 
tfie fcDowing materials: 20 ^eat grains, IS 
rice grains, and 5 milliliters of powdered milk. 
Boil ttie solution for five minutes in a glass or 
enamel pan, dien cover and cool solution over- 
nii^t Inoculate with a pure atlture die next 
day. The culture can be kept in a gkss gallon 
jar and k>cated in a well-lit place. Keep covered 
and use a sterile glass oven baster to remove 
cultures for distributk>n and class use. This is 
one of die easier protozoans to culture and 
diey cap go without care for several weeks. 
FVesh cultures can be started from the old one 
foOowing the same procedures. 

Flat, Round, and Segmented Wonns 

_ Flanaria can be cultured by placing collected 
^inimals in shallow containers of aged spring* 
water. Change the water daily, and feed pla- 
naria with chc d beef Uver or hard boiled 
egg yolk week 

Roundworms can be cultural in the class- 
room by using vinegar eels. t\,wr approxi- 
mately 3 liters of ^le dder vinegar into a 
clean gallon jar. Add a peeled apple that has 
been cut into 6-8 pieces. After 2-3 days, inocu- 
late medium with a pure culture of vinegar 
eels purchased from a conmierdal biological 
aappfy house. Keep container loosely covered. 
Remove cultures with oven baster. Cultures 
can be drstnbuted to other ctesses in baby 
food jars, tvcplenish vinegar and apples as 
needed, loave any debris on the bc^ttom of the 
container. 

Earthworms can be o^ltured in large styro- 
foam coolers, plastic trash cans, or deep trays 
filled with loamy soil that contains little clay or 
sand . Sprinkle com meal on top of soil and mix 
the two together. Add earthworms that have 
either been collected or purchased from bait 
shops or supply houses. Keep soil moist but 
not wet Add lea^ litter to top of soil. Extra 
com meal may be sprinkled on top of soil once 
a month for feeding. A wire mesh should be 
placed on top of the container to keep worms 
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from crawling out The culture may be kept 
outside in a protected place except in extremely 
cold weather. Change soO eveiy 3 or 4 months. 

MoUusks 

Pond snails can be collected frx>m the wi^d or 
purchased at tropical fish stores. Students 1th 
aquariums at home may have extra ones they 
would be willing to donate. Snails can be cul- 
tured in aquariums ti;at have been set up for 
fish. Snails do not eat waste products, but do 
eat any food that fish leave. They can be fed 
small ineces of boiled lettuce leaves or regular 
fish food. Under favorable conditions, these 
niollusks produce many oi%pring. Excess 
snails can be cmshed and used as a source of 
fr^h food for hydra or fish. 

^ and snails can be collected fiiom the wild by 
students. These can be grown in terrariums or 
gallon jars with 2-3 centimeters of soO. The 
snails should be fed once a week w^th lettuce 
or cabbage leaves. Keep contamers dean to 
prevent mcM or rot and keep soil damp, but 
not wet Provide twigs and bark for snaOs to 
crawl on and leaf litter for cover. These can be 
cultured with other terrestrial oiganisms such 
as turtles, lizards, and snakes. 

Daphnia can be cultured in gallon contain- 
ers or aquariums using aged springwater and 
dehydrated cow manure. Add one gram of 
dehydrated cow manure to each 100 milliters 
of springwater, making a 1 percent solution. 
Culture organisms in gkiss jars that will hold 
800 to 900 milliliters or more of solution. Allow 
solution to sit 2-3 days to allow bacterial popu- 
lations to build: these will be a source of food 
for the daphnia. Inocukite the ''manure tea" 
with a conunerdal supply of daphnia. Sub- 
merge the container containing die daphnia 
and pour the organisms out of the container 
underwater, otherwise they may get bubbles 
of air under their shells which will cause them 
to rise to the surface and die. (For this re'^son, 
daphnia should not be grown in a^. otiums 
with air pumps.) 

Isopods are terrestrial cmstacea known as 
pillbugs or sowbugs. They can be found in 
moist forest areas under rocks or logs, and 
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can be cultured in terrariums with land snails 
or in plastic tubs or sweater boxes with 2-3 
centimeters of loamy soil. Add the isopods, a 
few rocks and leaves for cover, and several 
slices of ^ite potato for food and water every 
2-3 weeks. Keep soil damp but not wet Keep 
containers in a cool, dark place. Subculture as 
populations increase. 

Insects 

To culture meahvorms (a kind of beetle lar- 
vae), use plastic buckets or gallon jars. Place 
3^ centimeters of v^eat bran and several 
slices of white potato for food and water at the 
bottom of the container. Do not add any water 
as this will cause the bran to mold. Add meal- 
worm culture. Cover container tops with cot- 
ton cloth or several k^ers of cheesecloth se- 
cured with rubber bands. Spray the cloth with 
water from a hand pump sprayer twice a day to 
keep culture from drying out The cloth should 
be damp, not wet Subculture as populations 
increase. Add strips of shredded paper to give 
adult beetles crawling room. Add new meal or 
bran each month. 

Grow crickets in large plastic trash cans. 
Cover bottom with &-8 centimeters of clean 
builders' sand. Keep sand diy. Cricket cultures 
can be fed dry dog food placed in a separate 
tray and changed every 4-5 days. Use piiiw jars 
inverted into a metal or plastic trough as a 
source of water. Fill this trough wth cotton or 
foam rubber to provide a moist surface and to 
prevent crickets from crawling up into the jar 
and drowning. Water should be changed 
weekly. Remove dead crickets daily. If the 
container is not deep enough to prevent crick- 
ets from jumping out, cover it with a wire mesh 
screen. Egg cartons are an inexpensive mate- 
rial to use as cover for crickets: open with the 
egg pockets downward to provide the cover. 
Paper egg cartons are preferable to plastic, as 
the crickets will chew on them. 

To promote egg laying, keep crickets in a 
warm place (30-35*'C). Add a metal pie plate 
filled with damp sand and covered with wire 
mesh. Keep the sand in the trxy moist Female 
crickets will lay eggs in the wet sand; many 
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will die once this task is completed. The wire 
mesh will prevent the adults from eating the 
eggs. The pan containing th^ eggs can be 
removed and placed in another large trash can. 
Maintain warm temperatures and keep the 
sand moist The eggs will hatch in three or 
four weeks. Once the eggs hatch, foDow the 
same feeding and watering procedures used 
with the adults. Crickets may also be fed vege- 
tables or fruit, but any uneaten material should 
be removed before it decays. An incandescent 
light can be used to provide a source of heat 
on cold nights. 

Plants 

Many plants can be easily grown in class- 
rooms. Care and culture of these can be found 
in most books on plants. Duckweed (Lmna 
$pp.), for example, a small aquatic flowering 
plant, is easily cultured in classrooms. It can 
be grown on the surface of the water in fish 
tanks, but this may cut down on the amount of 
light reaching the interior of the tank and be 
detrimental to fish. It may also be grown in 
finger bowls or small fishbowls. Duckweed 
fares well in old aquarium water or water that 
contains some organic material. Culture solu- 
tions can be prepared by adding one gram of 
dehydrated cow manure to each 100 milliliters 
of spring water. Mfac well and allow the ma- 
nure to go into solution before using. Pour 
into smaller containers for culturing. Duck- 
weed can be collected from ponds in some 
areas, or purchased from biological supply 
houses. Place cultures in well-lighted areas for 
nonnal culturing. Duckweed can be used in 
studies on the effects of different light require- 
ments, various types and amounts of nutri- 
ents, or the effects of different types of water 
quality on plants. 

Mammals 

Certain animals are suggested here because 
thqr are easily cared lor, comparatively safe, 
and can be housed indoors. The following di»* 
cussion is only an overview of the care of these 
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animals. The reference list at the end of this 
article or your school or local library should 
be able to provide you with the comprehen- 
sive information you need. A secure teacher 
witii a calm apprr>ach is essential to providmg 
miccessfiil, happy > learning experiences. The 
following animals are reconmiended: 

• Rabbits and such rodents as guinea pigs, 
hamsters, gerbils, mice, and white or hooded 
rats 

• Fish, especially goldfish and such hardy 
tropicals as guM>ies and sword tails 

• Anq>hibians and reptiles such as frogs, 
toads, turtles, and certain newts and snudl 
snakes 

Feeding hould be done by students under 
supervision. Determine the nutritional require- 
ments and feeding schedule of each species 
before it arrives at school. If the animal can 
accomodate it, extra food and water rations on 
Friday afternoon can be given. If weekend feed- 
ings are required, it is advisable to have the 
exact amount of food for each animal set aside 
in a paper towel or small container and la- 
beled. Staff members who feed animals on 
weekends must have contingency plans for 
others to handle the feeding if emergencies 
prevent them from getting to the school. 

Rabbits 

Rabbits should be picked up by gras^.ag the 
scruff of the neck with one hand and inunedi- 
ately supporting the body by shoving the other 
hand and forearm under the rabbit Ears should 
never be used for this purpose. If rabbits are 
small and very tame, diey can be picked up 
witii both hands as one might a kitten or puppy. 
When frightened, rabbits thump thdr hind feet; 
when threatened, they can claw and bite. 

Because it is their nature to burrow, rabbits 
should be kept off the ground. A safe hutch 
can be constructed of one<:entimeter mesh 
wire. (Chicken wire is not strong enough.) 
Hie bottom should also be mesh wire and, ff 
indoors, a metal tray of shavings, sawdust, or 
cat litter should be placed underneath to catch 
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the droppings. For a medium to large rabbit, 
the hutch should be 120 by 180 centimeters to 
permit space for general exercise and stretch- 
ing long huid legs. If a rabbit has the opportu- 
nity to exercise around the room, it can have a 
smaller hutch. The wire can be nailed tightly 
around two by two-inch or three by three-inch 
uprights connected to a strong frame. Although 
rabbits may gnaw on the wood, trying to gnaw 
metal can damage their teeth. One end of the 
hutch should be enclosed with solid material 
but with an entrance hole so the rabbit can 
retire to rest or avoid temperature changes. If 
the hutch is indoors and on legs, a top is not 
necessary. If it is low, however, it should have 
a wire mesh top to prevent students from 
dropping things in. A strong top is essential if 
the rabbit is kept outside: dogs and other 
predators are readily attracted. Remember, if 
a rabbit can get its head through an opening, 
the rest of its flexible body will follow. Rabbits 
tend to soil one comer regularly and so it is 
frequently unnecessary to clean the whole 
hutch daily. A little puie oil gives the hutch a 
fresh smell. 



Guinea Pigs 

Guuiea pigs, or cavies, are excellent rodents 
for the classroom: They are small enough to 
live in a compact space, but large and strong 
enough to be handled easily by young chil- 
dren. 

Gumea pigs can be picked up ui the same 
way as rabbits. Their small size and usual desire 
to be petted and held tend to make it easier to 
scoop them up by placing one hand under 
them and the other over the back. 

Gumea pigs can live in quarters sunilar to 
those for a rabbit, but the cage need only be 60 
by 120 centimeters. Unlike rabbits, gumea pigs 
tend to soil their entire area. Shavings or other 
absorbent litter material usually lasts several 
days. Guinea pigs are usually odoriess. Vliile 
they like to stand on their hind legs against 
the side of the cage, they do not tend to climb. 
Freedom from drafts and sudden temperature 
changes are essential to their well-being. 
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Hamsters, Gerbils, Mice, 
and Rats 

Although hamsters, geitils, mice, and rats 
are nocturnal animals, they can adapt to day- 
time cycles with frequent handling and the 
stimulation of an active classroom or center. 

Hamsters may be grasped by the scruff of 
the neck or by placing one hand over them, 
with the head sticking out out between thumb 
and forefinger. They maybe hekl in both hands 
and usually eiyoy cuddling into one hand. They 
are tailless. 

Gerbils, n ' ^, and rats are best picked up by 
grasping >il close to the body with one 
hand and u.. . munediately placing the other 
hand under the animal for suiqx)rt The 
teacher, wearing thick gloves, should pick up 
any new animals a few times until they are 
acxmstomed to handling. Rats are not as tame 
as other animals when acquired. Most of these 
smaV animals like to be picked up and petted. 

AO of these rodents live very well in an aq- 
uarium tightly covered by mesh wire. AO gnaw 
with their very shaip teeth. Shavings, sawdust, 
or litter irntctial make an absorbent floor cov- 
ering. Hamste.'s like a handful 0/ shavings in 
one comer as bedding, especially if cat litter is 
used to cover the bottom. Provision for exer- 
dse is essential. Special cages with exercise 
wheels and trails may be purchased; wheels, 
tiers, small ladders, and swings, or a high 



GefitBtion Period Number in litter 

(Average) (Average) 



Rabbits 


28^0 Days 


4-8 (Bom blind and hairless) 


Guinea Pigs 


63-65 Days 


2-4 (Bom fully haired, eyes 
open, nurse soon after birth) 


Hamsters 


16 Days 


8 (Bom blind and hairless, 
kept covered in nest) 


GeriUls 


23-24 Days 


4-6 (See hamsters) 


Mice 


20-22 Days 


8 (See hamsters) 


Rats 


21 lays 


8 (See hamsters) 



resting spot are helpful to their weD-being. They 
all like to scamper about and will use a small 
spring or ladder suspended from the top of the 
cage. AD will use water bottles. 

Baby Rabbita and Rodents 

If you have not successmlly separated male 
and female rabbits or rodents, newborns will 
result according to the schedule below. 

Mother animals and newborns require pri- 
vacy and special care. Consult your library or 
bookstore for more information if you expect 
such events in your classroom. 

Fish 

Fish tanks are interesting additions to class- 
rooms. General requirements for fish habitats 
include the following: 

• A rectangular aquarium with straight sides 
is best because- it pro^des greater air surk ce. 

• A cover over the aquarium prevents dust 
and objects held by children from falling in, 
fish from jumping out, and is protection fix>m 
sudden temperature changes. 

• Water must be conditioned by an appropri- 
ate commercial product or left standing for a 
least 24 hours before being placed in the tank. 

• Tropical fish need a light which, although 
helpful, is not necessary for goldfish. 

• A pump and filter with glass wool and char- 
coal are recommended, along with vAnte gravel 
or white pearl chips. At least 2 centimeters of 
sterilized sand should cover the bottom. 

Hie aquarium should be placed in a perma- 
nent location, away from places yfhere there 
may be extreme temperatures. Do not try to 
pick fish up by hand: use a small net Watch 
that students do not try to pet the fish. When 
fish are fed, try to give tiiem only v4iat can be 
consumed in five to ten minutes. Consult a pet 
store owner if white fungus spots develop on 
the fish. 

Goldfish 

Goldfish are the easiest and hardiest fish to 
keep. Ck)idfish require 2 liters of water to a 
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centimeter of fish. The most frequent causes 
of deadi are overfeeding and overcrowding. 
Water should be about IS^'C; radical temptr^ 
ture dianges are not recommended. Some light 
is necessaiy and cabomba plants can provide 
shade. 

Eggs are laid ten to twenty at a time and 
hatdi in tiiree to seven days. Baby goldfish 
rarely hatch indoors, but the dartc brown ba- 
bies roxf be brought inside fix>m outdoor pools. 

Gnppies 

Guppies have a life span of abou t three years. 
If the classroom is cold, a heater should be 
used to keep the water between 21'' and 26''C. 

Since guiqples bear Uve young, they are the 
earnest troi^s to culture. A female may pro- 
duce up to fifty young every four to sbc weeks . 
The biibies are rolled up ^en ejected from 
the mother, but unroll and swim to cover im- 
mediately. Cabomba plants provide a good 
hiding place so that the young aren't eaten. 
Better, separate young fiT>m adults as soon as 
possible. Give extra food to the adults when 
the young are bom to reduce cannibalism. The 
babies shoukl be fed a fine dry food, or finely 
ground adult food. (The back ofa spoon makes 
a good grinder.) 

Amphibians 

amphibians such as newts, green frogs, 
and toads are easSiy kept Keep species sepa- 
rate and do not house more than five or six of 
one q)ecies together. Animals in a group 
should be about the same size to prevent can- 
nibalism. 

As they grow laiger, the skin of newts, frogs, 
and toads splits down the back and is eaten. 
Hiese animals need a habitat with both water 
and land. 

Ncwte 

The eastern newt and the western newt are 
recommended. Newts hatch fix>m eggs and 
tile larvae have external gills for several 
montiis. While some eastern newts never leave 
the water, most spend their second year on 
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land. Tliese are often seen in the woods alter a 
rain. After their sojourn on land, they return to 
the water. The western newt, larger than the 
eastern, a4)pears to remain near the water 
during its life except for the spring breeding 
period, when it Is found in the water. 

An aquarium with enough conditioned water 
for swimming and submersion and enough land 
ior walking about and an occasional sunbath 
makes a fine home for a newt or salamander. A 
tightly fitted mesh wire cover for the aquarium 
is reconunended, however the formation of 
these animals' feet permits them to walk up 
a* Mt of a glass tank without a tight top. 

^ ewts live well in a covered aquarium with 
cae of the follovdng arrangements: either have 
7 centimeters of water in the bottom, 2 centi- 
meters of plain gravel, and several mossy rocks, 
or soil and gravel covering the entire bottom 
and a water dish sunk so diat the top is level 
with the soil. Water should cover at least a 
quarter of the area and moist moss, baric, or 
leaves added to provide shelter. Do not keep 
the tank in brilliant sun. An 8-liter tank is large 
enough for three or four eastern newts. The 
laiger western newt should have more spa- 
cious quarters. Several do well in a 2r^liter 
tank. 

Frogs and Toads 

The smaU green frog is the easiest to main- 
tain, although the pickerel frog, leopard or 
meadow, and western chorus frog can also be 
housed satisfactorily. Keep only one kind of 
frog and those of about the same size together. 

The male small green frog croaks, the fe- 
male utters a soft squeaking sound. The two 
sexes may be readily distinguished because 
the ear (the round spot behind each eye) of 
the male is larger than its eye. Throats of the 
male are often yellow. The western or chorus 
frog is usually a dusky gray-green or brown 
and has a light under-surface and a light line 
along its upper lip. 

A lai^e tank with water and land enough for 
hoppmg makes a satisfactory habitat It must 
be tall enough to permit jumping and tightiy 
covered with wire mesh. 

1^7 
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Toads can be easilyr distinguished from fro^. 
Their skin is dry to the touch and rougher 
than that of frogs, and contains a substance 
which predatory animals dislike. For protec- 
tion, the toad may puff up, or go limp and play 
dead. The toad is not as good a jumper as the 
frog and tends to be slower. Its tongue is long 
and sticky and darts out for food. During cold 
winter months, it hibernates a foot or so under 
the surface of the ground. 

Reproductioii 

The eggs or spawn of toads are laid in \ovg 
chains of jelly-like material, while the eggs of 
frogs are laid in masses of a similar jelly-like 
substance. Males fertilize the eggs as soon as 
the spawn is laid. 

Newt eggs are similar, but are laid singu- 
hrly, usually on a sulHnerged plant 

Place the spawn in a receptacle seprj:ate from 
the adults and filled with water of the same 
temperature as the spawn source. Leave the 
receptacle in the sun and, depending upon the 
temperature, the tadpoles or newt kuvae will 
emerge from the eggs in a few days. Change 
some of the water daily and do not overcrowd 
the larvae or tadpoles; be sure the water added 
is conditk>ned and of the same tanperature as 
that in the cont^er. 

Within a short time after anerging from the 
spawn or eggs, newt larvae or frog or toad 
tadpoles wiD fill out and small '^eathery^ ^s 
can be seen. After a few days, newt legs are 
visible, but frog or toad legs will take longer. 
Hind legs are usually seen several weeks be- 
fore front ones. When toads and frogs have 
three or four legs, and when newts are a centi- 
meter long, add plants and some small sloping 
rocks to provide places to for than to emerge 
wholly or partially frx)m the water. The ability 
to emerge is necessary because external gills 
are being replaced by internal lungs. 

Tadpoles will suck at small drops of raw egg 
yolk, infusoria, other microscopic life, and bits 
of lettuce. Baby newts eat daphnia, infusoria, 
and other microscopic life. 
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Reptiles 

Reptiles are cold-blooded aninuils classified 
into the following groups: turtles, snakes, liz- 
ards, alligators, and crccodiles. Some turtles 
and snakes may be kept satisfactorily. 

Turdes 

Turtles are the most easily kept reptiles. They 
can be purchased from pet stores, or captured 
in the wUd. Consult local fish and game laws, 
usually available from the town cleilc, to check 
on protection regulations. 

Of the water turtles, the spotted turtle (one 
of the slightly varied sub-species of painted 
turtles), the western pond turtle, and the mud 
turtle are good pets. The green slider is, too, if 
permitted in your state. The diamond back 
terrapin may be kept like a water turtle, if a 
small pinch of salt is added to its water. 

Of the land turtles, the eastern and western 
box turtle and the wood turtle are the most 
easily kept Although more water loving, the 
Muhlenbeiig may be included with these. 

The gender of a turtle can be determined by 
looking at the pkatron, or undershell. That of 
the male tends to be concave. He has a longer 
taU and longer ckiws on his fix)nt feet than the 
female. Eggs are seldom laid by a female in 
captivity. When one does, she digs a hole with 
her hind feet in available soil, deposits the 
eggs, covers than, and ignores them. Water 
turtles in captivity occasionally lay infertile 
eggs. 

Turtles can live for many years. They hiber- 
nate in nature, but tend to remain awidce after 
a year or two in captivity if kept at room tem- 
perature and fed a small amount daily. 

All turtles should have seven to eight hours 
of sun or artificial light daily. Lack of it will 
cause lethaigy and may result in death. Their 
habitat should be placed away from extranes 
of heat, cold, and drafts. Check weekend tem- 
perature conditions. All turtles require sufiB* 
dent water for submersion and driiddng, land 
for walking, and wood or rocks for basking in 
the light Keep only turdes of £V>proxiiiiatety 
the same size togetfier. 
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l\irtie water should be conditioned by stand- 
ing for at least twenty^our hours before being 
put into die tank. An adult water turtle of 8-12 
centimeters does well in a 30-liter aquarium 
witti land enough— soil» rocks» twigs— to meet 
its needs. Water turdes feed in the water, land 
turtles on land. The latter require suffident 
land for walking about and water enough for 
auhmeiBfon. A receptacle sunk to its top in the 
8oQ can be used* or a tank with several inches 
<rf water can have a land area built up out of the 
water. Adult land turtles may be maintained in 
a tub or large (60 by 100 centimeters) wood 

bOSL 

Tb'^ turde should be accustomed to being 
handled before chiMren pick it up. When fright- 
ened or attacked they tend to pull head, tail, 
and 1^ into their shells, and may ghre a sharp 
bite before doing so. 

Ttutles can exist vdien fed only three times 
a week, but daily feeding is reconunended 
when children are invohred. Ttutles tend to 
look for their food in the same i^ace . They will 
grasp food from a pointed stick. Check with 
your library or pet store for a diet ai^ropnate 
for your tuille q)ecies. Remove any uneaten 
food after fifteen minutes. 

If a vdiite fimgui spot ^>pears on the shell, 
espedsSfy the plastron, place the turtle in sepa- 
rate quarters in water to which a pinch of salt 
has been added. 

Snakes 

Small snakes are interesting pets, provided 
their needs are met Three small snakes are 
suggested: the garter, the ribbon, and the green 
grass snake. These snakes eat smalt worms. 



ant eggs» or inspects. Snakes may not need to 
feed every day, especially after a large meal. 
Snakes move swiftly and must be handled 
carefully. They have no ears, but are very 
sensitive to vibrations and have sharp eyes. 
They have long tongues with which to feel and 
to bring objects into the mouth where they 
have organs sensitwe to smell. They can move 
each half of the lower jaw separately. 

Snakes must have tight quarters. Large jars 
or aquariums with smaU mesh wire tops may 
be used for habitats. A screen cage 25 by 25 
centimeters and 30 centimeters high is also 
suitable for the average size snake. A few plants 
and some moist growing grass for grass snakes 
to curt up in are necessary. A few sturdy plants, 
upright sticks, or large twigs are important for 
snakes to wrap arotmd. A container of water 
on the floor of the habitat and an elevated shelf 
area are necessary. Rough bark or a rock is 
helpful for snakes to rub against when they 
begin to shed. 

Hopefully this chapter mil ghre encourage- 
ment toward mauitaining living organisms ui 
the dassroom. Hand&on ey4)erience with Uv- 
ing organisms is essential for understanding 
living processes and uiterrelationships; such 
learning experiences also teach students the 
fimdamentd concepts of ecology and conser- 
vation. Teachers must be sure that they and 
their students also observe the tenets of 
humane animal care and treatment Please 
refer to NSTA's ''Code of Practice on Use of 
Animals in Schools'* and How to Care for Lith 
ing Things in the Classroom (1978). 
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. new trend in science education improve- 
ment began in 1975 when the National Scir 
ence Teachers Association published the first 
Guidelines for Self-Assessment of Secondary 
SduHfl Programs. Until then» national goals» 
generic standards, and non-q)ecific strategies 
for im|Mt>ving science education had been the 
mainstay of books and reports on the subject 
This lumd^on" publication finally met the 
need for one complete document that would 
"put everything together," enabling concerned 
persons to conduct a comix^hensive examina- 
tion of science teaching in their particular 
school. The task force which compiled the 
document drew heavily on earlier N^A publi- 
cations and thorough^ renewed the areas of 
science education research, theory, and prac- 
tice. The response was positive and demand 
was great; N^A published a revised, expanded 
version in 1978. That same year, the National 
Science Foundation supported an NSTA-New 
Yoilc State Education Department Conference 
on Middle/Junior High Science, using Guide- 
lines as the mi^r evaluative framework. The 
latest version Gn press) broadens the scope ^x> 
address the many school districts required by 
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Public Law 98-377 to do a needs assessment 
for fonding requests, updates the high school 
guidelines, and includes a new section on ele- 
mentary and middle school guidelines. 

What are the Guidelines? 

The Gr'^^elines contain suggestions for clos- 
ing the gkL^ between an existing science edu- 
cation progiom and a desired prognun. Com- 
piled l:y a task force of science teachers and 
science educators, the book pro^des a means 
for ccHnprehensive examination of the science 
program for any school in any district, and 
teaches educators about their own situation. 
With input from the reader, tiie book helps 
determine local, conununity, and national sci- 
ence education goals; whether the school in 
question meets them; teacher inservice needs; 
content updating for teachers; and teacher 
qualifications in the subjects they teach. 

It also includes statements and suggestions 
for model science programs drawn from a va- 
riety of sources: Pnvect Synthesis (1977), a 
sunmiary of findings related to the desired 
states of science education and the actual state; 

1^2 
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MetaHinalysis of Science Education Research 
(1983); The Seardi/br Excellence conducted by 
the National Science Teachers Association 
(1983); federal reports such as A Nation at 
Rish (1983), and Edu^^ting Americans for the 
21st Century (1983); Research Within Reach 
(1989; and annual reviews of research in sci- 
ence education published in Science Educa- 
tion, 

The NSTA position fmpers on Science, Tech- 
nology, Society: Science Education for ihe 1980s 
(1982), Science Education for Middle and Jun- 
ior High Students (1987), Worhing Conditions 
for Secondary Science Teachers (1987), and 
Preschool and Elementary Science Education 
(1987) also provided a nuuor contribution. 

The development of selAisseasment materi- 
als becomes crucial in light of the &ct that 
most states will require school districts to 
undertake a needs assessment of their science 
program to hig^iUg^t problems and identify 
program strengths. Under the proposed guide- 
lines for funding purposes in science, Public 
Law 9ft-377 (State Grants for Strengthening 
the Skills of Teachers and Instruction in Mathe- 
matics, Science, Foreign Languages, and 
Conqniter Learning), local education associa- 
tions may need to fUe an assessment of sci- 
ence needs with their respecthre state depart- 
ments of education. States wiD fund local edu- 
cation associations' needs based upon criteria 
determined by the state. Thus, the self- 
assessment Guidelines [xt>vide an essential 
service to school districts, eq)ecially in rural 
areas with small schools and litde science 
education leadership, or laiger districts with 
no science supervisors or coordinators. The 
Guidelines perform a leadership function by 
focusing on the skills, attitudes, curriculum 
goals, and so on that lead to desired goals of 
science education for all students. 

The Mechanics of Program 
Evaluation 

The Guidelines consist largely of statements 



that are to be evaluated by the faculty of a 
school and all teachers of a particular level— 
elementaiy, middle/junior high, high school 
Examples of the statements are 

• Science instruction includes the uses and 
abuses of technology. 

• My elementary science instruction empha- 
sizes handson learning. 

• Elementary science instruction lidudes 
many problem-sohdng activities applicable to 
the daily life of students. 

• The content and nature of the science pro- 
gram is determined by a K-12 science com- 
mittee. 

• I evaluate a student's progress in such a 
way as to minimize the negative effects of a 
reading difiBculty. 

• A part-time resource science specialist is 
provided at each elementary building to cata- 
log, organize, order, etc., all science materials. 

• I have science inservice at least twice a year. 

• A folly equipped science laboratory is set up 
in every elementary building. 

• Adequate release time is prodded for sci- 
ence woilcshops during the school day. 

Teachers or supervisors are asked to evalu- 
ate each statement in two ways: first, how de- 
sirable is the aspect in the ghren school or 
district? Second, to whatdegree has the school 
cr district achieved the goal in question? 

At the right of each item is a small matrix in 
which the rating is recorded. The vertical axis 
represents desirability, higher ratings at the 
top, lower at the bottom. The horizontal axis 
represents local achievement, lower at the ori- 
gin, higher moving out to the right Circle the 
rating that you wish to ghre to achievement 
Then, for the score on this item, place a check 
marie in the box where these ratings intersect 
Thus, an item that was deemed highly desir- 
able but only moderately achieved would be 
recorded as follows: 
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Figure 1 
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An item considered undesirable, but present 
to a high degree would be recorded as follows: 

Figure 2 
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Further clarification of the Desirability/ 
Achievement rating is shown below. The 
shaded areas m the 5 x 5 tables represent the 
concerns, strengths^ and so on determined by 
individuid teacher ratings. 




Interpretations of the shaded areas are: 

Scores in this area of the 
matrix indicate important 
goals being achieved and 
undesirable features being 
avoided. 



Scores in this area indicate 
items on which existing 
performance or conditions 
fall short of expectations. 

Scores in this area reflect 
items on which more time, 
energy, and resources may 
be being spent than are jus- 
tified by expectations. 

Scores in this area represent 
rather neutral items which 
probably deserve little or no 
further attention. 





Newer methods now involve the use of elec- 
tronic scoring sheets for collecting and proc- 
essing data. The electronic scoring sheets are 
read and data are then processed through SPSS 
computer programs. First, a 5 x 5 table is pro- 
duced to show overall percentages in each cell. 
Then another SPSS program further reduces 
the data into 2 x 2 tables according to the cri- 
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teria described for the various shaded areas of 
the 5 X 5 table. The 2 x 2 table easily advises 
you of the strengths of your program and its 
concern areas (those ^ere a high desirabil- 
ity/low achievement is pictured). 
It is projected that the self-assessment proce- 
dures will be completely comruterized in the 
near future. Hans are under development for 
NSTA to package and sell the program on a 
computer disk. 

Figure 4 

Example of 5x5 Table 
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Example of 2x2 Table 
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Faculty consensus is often determined by a 
75 percent level of agreement If 75 percent of 
the faculty rate the statement in the desirable- 
achievement cell, a strength is determined; if 
75 percent rate a statement desirable but not 
achieved, a concern is identified. Of course, 
school districts may establish their own stan- 
dards. 

Faculty committees can then evaluate the 
data and establish program strengths and con- 
cerns. Priorities for program imimvenient can 
be established and routed through district 
procedures for program improvement (see 
Ai^ndfac). 

Considerable time wiD be needed to assemble 
the teams required, to hold preliminary meet- 
ings and discussions, to set woric procedures 
and schedules, and, finally, to do the assess- 
ment 

ence teachers are the catalyst in this proc- 
ess. Hie improvement of science education 
must begin at the local level, and self^ssess- 
ment is a critical means of achieving this goal 
By 1989, NSTA win have sets of materials avail- 
able for evaluating elementary science, middle/ 
junior high science, and hjgh school saence 
programs to assist schools in meeting science 
education goals. 
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; Appendix: Team Planning for 
^ Program Improvement 

on the Sdf-Assessnient and all ses- 

akma Aat your teani menibers ha^'e attended, 
wMiin your science program 1) Identify the 
flugm* areas of omcem; 2) Establish priorities; 
3) List possible solutions; 4) Designate 
penKm(s) yfbo wiD naonitor progress on solu- 
tion; and 9 Devdop a progress time line. Make 
a rqxHt to tfie odier team members. A f oDow- 
up meeting will be based on tiiis report 



Area of Concern 


Priority 


Possible Solution 


Person(s) 


Time line 
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today's parents and taxpayers demand edu- 
cational accountability. Perhaps becausr of 
their discontent ^th tfie public schools, many 
believe that falling test scores reflect pupils' 
inability to read, write, or do math and science 
adequately. 

State legislatures ^e mandating the system- 
atic evaluation of ' ^achers. Generally, teach- 
ers are not onwsed to evaluation itself; they 
are mostly concerned that it be fair and ^pro- 
IHiate. To many teachers who have had expe- 
riences with administrators who were inade- 
quately prepared or trained to do evaluations, 
however, the term "evaluation" has a negative 
connotation. 

Evaluation Guidelines 

It is mddfy ac^oted that any instrament for 
evaluation cat. j abused, ^use clearly oc- 
curs, for example, when tl\e evaluator m^es a 
judgment and assigi^s an item rating to an 
individual without sufficient observation or 
documented evidence. Joint evaluation by 
administrate ?nd teacher, following an estab- 
lished procelur e, protects both. 



Just as students are unique individuals with 
certain strengths, needs, and capabilities, so 
are teachers. Too often, evaluative measures 
omit this essential aspect of the teaching-learn- 
ing situation. Ideally, evaluation should be 
conducted as a po^tive process, emphasidng 
strengths and offering constructive suggestions 
for overcoming weaknesses. The following 
questions will help administrators and teach- 
eiB make evaluation a positive process. 

1. Does the evaluation system focus on not 
only the teacher^s skills, but also on the entire 
range of factors affecting the quality of teach- 
ing and learning, including program and cur- 
riculum, laboratory and safety fiunlities, stu- 
dent/teacher relationships, teacher/adminis- 
trator relationships, and woridng conditions? 

2. Is the purpose of the evaluation system to 
improve tfie quality of teaching and learning? 
Is the system informed by the goals and objec- 
tives of the school district? 

3. Has the evaluation system been developed 
cooperathrety by representatives from all of 
the groups evaluating and being evaluated? 

1^8 
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4. Is the evaluation system carried out as a 
cooperative activity designed to establish rap- 
port aad conununication between evaluator and 
teacher? 

5. Does the evaluation system help the teacher 
to identify the scope of duties and preroga- 
tives and clarify the relationship of personal 
and profes^ond objectives to objectives of the 
school district? 

6. Does the evaluation system irxlude self- 
assessment, designed to motivate tiie teacher 
to improve instruction? 

7. Is tiie evaluation system diagnostic ratiier 
thanjudgmenta' ^hus defining the dimensions 
for inservice experiences? 

8. Does the evaluation system estab««w»a, in 
writing, clear ground rules and follow-up pro- 
cedures for botii teacher and administrator? 

9. Does the evaluation system require tiiat 
adequate records be kept cf all phases of tiie 
process? Are these accompanied by compre- 
hensive contractual due process provisions? 

10. Does the evaluation system encourage 
experimentation, creativity, and flexibility on 
tiie part of the teacher, rather than conformity 
to someone else's conception of what consti- 
tutes "good performance"? 

11. Do all those concerned know the details 
and process of the evaluation before the evalu- 
ation begins? 

12. Is the evaluation system realistic in terms 
of time and fonds for implementation? 

Teachers and administrators should sit down 
together to assess their needs, define goals, 
and estabDsh the means to accomplish them. 
Evaluatfon policies, criteria, and procedures 
should be specifically designed for a particular 
school setting. Therefore, any evaluation of 
performance should be based on both mutual 
understanding and the objective acceptance of 
a program. Making evaluation a cooperative 
conununication project can affirrri that it is a 
growtii c T)erience for teachers, not one which 
puts them on the defenshre and thrt^atens tiieir 
self-confidence. 
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One Evaluation Program 

When developing an evaluation process and 
insiniment, one cannot replicate another 
school district's prograin, but an antecedent 
can be used as a pattern. For a program to be 
successful, local concerns must be addressed. 

T!ie Jefferson Parish School System devel- 
op'ed a teacher evaluation program that has 
served as a model to other districts in Louisi- 
ana and across the nation. 

In tiie early stages of developing tiie Jeffer- 
son model, a cadre of personnel was assembled 
This cadre uicluded representatives from as- 
sistant superintendents, principals, teachers, 
supervisors, and professional oiiganizations. 
The development of our program took time 
before it was functional. The program is con- 
tinuali/ monitored, reviewed, and revised as 
necessary for effectiveness. 

The program in Jefferson was originally de^ 
veloped for nontenured teachers; since 1977, 
when Louisiana mandated a statewide ac- 
countability program, the same procedure has 
been followed for teachers witii tenure as well 

Principals and central ofiSce personnel are 
uivoWed in tiie evaluation process.They follow 
the systematic procedure gh^en belovr 

Principal: 

1. Principal or principal's designee holds an 
initial conference with tiie teacher to outiine 
school and parish policies, to discuss the 
teacher's goals and objectives as developed by 
the teacher, and to discuss the principal's role 
ui the evaluation process. (Initial Conference 
form, Appendbc I) 

2. Principal or admmistrative designee mui^t 
make a minimum of one classroom observa- 
tion each semet;ter. (Personnel Observation 
form, Appendix ID 

a. After every observation, a conference is 
held with the teacher. Both positive reinforce- 
ment and suggestions for improvement are 
offered. If curriculum support is needed, 
teacher and principal must concur or at least 
the teacher muw^; be advised of the request 
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AdditkHial observations and conferences may 
be wammted. (Conference form, An>endbc m) 

3. RrincqMl holds a conference at the comple- 
tkm of the school year and makes afinal sum- 
marization. The teacher also pnmdes a final 
evahiation. (Fmal Evaluation form, ^>pendix 

no 

Central Qllice Peraoimel: 

1. Initial conferences, in groups or individu- 
aQy, are held by the central office designee. 
The teacher is informed of criteria of expected 
performance and provided with copies of the 
job descrqstion and the evaluation process. 

2. Evahtator conducts at least one classroom 
obaervatkm and holds a post-observation con- 
ference before January 16. The evaluator is 
not limited, however, to one observation and 
conference. Additional observations and con- 
ferences may be warranted and should be con- 
ducted. 

3. Riovision is always made to aUow the ob- 
server and the teacher to make pertinent com- 
ments regarding the observation. (Indicators 
for Assessing Teacher ^ Performance, Appen- 
dix V) 

If the prindpal and evaluator determine that a 
teacher's performance has been evaluated as 
"iieeds improvement," a profes^nal assistance 
schedule is issued. The imfessional assis- 
tance schedule serves as notification that the 
teacher's performance has been identified as 
needing as^stance. ^)ecific reco.nmendations 
for correction of dted performance area(s) pre 
made to the teacher.llie teacher is advised of 
his or her responsibility to correct perform- 
ance aroa(s) dted for . ^fessional assistance 
and given a target date for improvement (Pro- 
fessional Assistance Schedule, Apnendix VI) 

An anxt>priate action plan is outlined for the 
teacher identified as needing professional 
assistance. The teacher is given several oppor- 
tunities to partidpate in professional growth 
activities to correct performance areas identi- 
fled as needing improvement These profes- 
sional acthfities can be selected by the teacher 

mc 



or recommended by the evaluators. 

Activities for Professional 
Crowtli 

• On-the-job professional assistance from 
evahiator, immediate supervisor, resource per- 
sonnel, and/or consultants 

• A professiorud growth day 

• Woiicshops, seminars, conferences, and in- 
service training activities 

• Faculty study groups at the school level 

• University courses offered in school sys- 
tan buildings 

• Serving on professional or job^-elated com- 
mittees 

• Use of audiovisual and library materials 
available through the school system 

• Sabbatical leave for professional grc»wth 

• Intra- and interschool/department visits 

Hie teacher may be placed on Assistance 
Level II if, after die Conclusion Date," (a date 
mutually dedded upon, by which performance 
will have been improved) satisfactory perform- 
ance has not been attained. A conference is 
held with the teacher to inform him or her of 
the continuation of professional assistance. 

At the condusion of the Assistance Level 11 
date, the teacher's employment can be termi- 
nated if he or she is found to be incompetent, 
or if his or her performance is found to be det- 
rimental to the educational growth of students. 
Due process procedures are ahvays imple- 
mented. "Hie due process must always provide 
evidence that teachers have received assistance 
from the principals, evaluators, and sdence 
supervisors or consultants. 



effective evaluation program should 
improve the learning e]q)eriences of students, 
foster positive interpersonal relationships 
among all educators, provide reliable informa- 
tion for dedsion making, improve public opin- 
ion, and increase support for public education. 
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Appendix i 

INITIAL CONFERENCE FORM 

SESSION 19 -19 

EMPLOVEE: SOC. SEC. #: 

POSITION:. 

EVALUATOR/IMMEDIATE SUPERVISOR: 

posrnoN:_ 

DEPARTMENT/SCHOOL: DATE: 

i. A. I have reviewed and received a copy of the Evaluation Packet: 



SICNATUK 

B. I have reviewed and received a copy of the Job Description: 



SCNATUHE 

II. Statement of Coals: 



III. Statement of Objectives (Objectives mi;st be stated in measurable tenns) 



IV. Employee Comments: 



V. Eva' 'ator Comments: 



I have read and received a copy of this form. Signature does not imply agreement or disagreement with content. 



IWl'JATCM/IMMEOUTE SUXRVKOR DATE CMPlCm OATE 

SUBSEQUENT INDIVIDUAL CONFERENCE REQUESTED □ Yes □ No 

»y: 

E RXC ^ Additional Comments Page for Follow-up Conference. < ^ p 
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Appendix II 



PERSONNEL OBSERVATION FORM 

SESSION 19 -19 

Scheduled () 0*3 () 

Unscheduled () 4-^0 

OBSERVEE:^ POSITION: 

OBSERVER: POSITION: 

SCHOOL/DEf>ARTMENT: 

TIME OF OBSERVATION: to_ 

DATE: 

I. Description: 



II. Post Observation Conference Date:. 
Observer Comments: 



Observer Comments: 



III. Request for Support Personnel □ Yes Specify: 

If checked, forward copy to Personnel Department 

I have read and received a topy of this form. Signature does not imply agreement or disagreement mth content. 



0«$«VW DATE OBSUVEE PATl 
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Appendix III 

CONFERENCE FOUM 

SESSION 19 19 

EMPLOYEE., 

SCHOOL/DEPARTMENT: 

POSITION: CONFERENrE DATE:. 

I. Description of Event: (Be specific) 



II. Comments and/or Resolutions: (Immediate Supervisor) 



ill. Comments: (Employee) 



IV. Administrative Conference(s) Attached: □ No □ Yes 

V. Excessive Absence/Tardiness □ Yes 

VI. Request for Support Personnel D Yes Specify:, 



Support requested by: □ employee □ supervisor 

(If checked, forward copy to Personnel,) 

I have read and received a copy of this form. Signature does not imply agreement or disagreement with content 



IMMEOUTE SUfCRVISOK DATE EMPLOYEE 



DATE 



ERLC 
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Appendix IV 



FINAL EVALUATION FORM 

SESSION 19 .19 



0-3 () 
4+ () 



EVALUATEE:. 
POSnX)N: 



EVALUATOR:. 
POSITION: 



see SEC. #: 



DEPARTMENT/SCHOOL:. 



DATE: 



I. Statement of Accomplishment of Coals and Objectives (Evaluator) 



II. Evaluation of Evalual^r's PerfomfianceE (Evaluator) 



□ Satisfactory 



□ Needs Improvement 



□ Unsatisfactory 



Recommendation for Professional Crowth (Evaluator) 



IV. Evaluatee Comments 



/ have read and received a copv of this form, Sigr^ature does not imply agreement or disagreement witli content 



EVALUATOR 

Complete for 0-3 Year Employee: 



DAJi EVALUATEE 

ftarting Date in Jefferson: 



DATE 



In accordznce with the prescribed procedures of the Jefferson Parish Public School System, after the 
evaluation of this employee with 0-3 years experience, 1 hereby recommend that the Jefferson Parish Public 
School System 



□ re-employ 



□ not re-employ 



EVALUATOR 



J 



40 



^TE 



0-3 YEARS EVALUATU 



DATC 
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Appendix V 

Following is a list of indicators which are among the criteria used by the 
evaluator to assess teacher's performance. 



Management and Control 

The degree to which the teachen 

1. implements efficient procedures for 
distributing and collecting materials. 

2. Impiements procedures for checking 
students' work (student accountability). 

3. Implements appropriate procedures for 
student movement. 

4. Enforces system, school, and classroom 
rules. 

5. Appropriately and immediately 
disciplines disruptive students. 

6. Is aware of the activities of each 
student 

7. Is aware of potential problems. 

8. Is mobile. 

9. Checks attendance. 

10. Maintains an orderiy and neat 
classroom. 

1 1. Controls unnecessary noise and student 
conversations. 

12. Requires students to be prepared with 
materials nece sary to carry on the 
da/s woric. 

! 3. Maintains seating arrangement. 
Technique 

The degree to which the teacher: 

1. Reviews previously presented concepts. 

2. Keeps students productively Involved in 
the learning process. 

3. Provides for student accountability 
(e.g., checking assigned woric, 
questions students.) 

4. Presents lessons in an or Jeriy, 
sequential manner. 



5. Is aware of student needs and 
behaviors. 

6. Uses appropriate reinforcing 
techniques. 

7. Provides for individual levels of 
achievement, ability, and interests of 
students. (Individualization.) 

8. Uses appropriate materials and audio- 
visuals. 

9. Maintains orderiy, well<lefined, 
functional teaming centers. 

10. Modifies techniques and presentation 
considering student progress, behavior, 
and needs (appropriate methodology). 

1 1 . Is impartial. 

12. Minimizes distractions. 

1 3. Is creative. 

14. Capitalizes on spontaneous classroom 
situations consistent with objectives. 

15. Uses appropriate resources. 

16. Is aware of what has been 
accomplished. 

1 7. Makes appropriate, valid test 
instruments consistent with objectives. 

18. Correlates bulletin board with current 
curriculum or seasonal topics. 

Knowledge of Subject Matter 

The degree to which the teacher: 

1 . Answers questions knowledgeably. 

2. Is able to elaborate. 

3. Displays depth in knowtedge of subject 
matter. 

4. Is ablf 0 use alternate approaches to 
convey concepts. 

5. Researches concept-related questions. 

Us 
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Planning 

The degree to which the teacher's phm and/ 
or teacher's implementation of plans exhibit: 

1. Adherence to curriculum guide. 

2. Clearness of objectives. 

3. Identification of concepts to be 
presented. 

4. Appropriate activities. 

5. Sequence of presentation. 

6. Motivational techniquer, 

7. Individualization, when applicable. 

8. Materials. 



Other characteristics looked for by 
a supervisor or administrator: 

1. TeachlngPersonallty 

Poise, tacC^sense of humor, likableness, 
enthusiasm. 

2. Native Ability 

General intelligence, judgement, and 
adaptability. 

I. Imothnal Stabiiiiy 

Even disposition, mature control, 
temperamentally fitted to teach. 

4. Aiailty to Instruct 

Choice of material, daily preparation, 
procedures. 

5. Relationship with Pupils 

Interest in and understanding of needs 
of individuals, pupil cooperation, and 
participation. 

6. Voke and Speech 

Pleasing quality, well-modulated, 
distinct, clear. 

7. Ms€ 

Recognizing problems that will go away 
and those which will have a rippling 
effect. Emotional control. 

8. Classroom Environment 
Lighting, attractiveness. 

9. Classroom Management 
Students under control. 

10. Leadership 

Ability to inspire pupils, ability to 
delegate responsibility to pupils 
successfully, initiative, self-reliance, and 
tact. Flexible. 
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Appendix VI 

PROFESSIONAL ASSISTANCE SCHEDULE 

SESSION 19 -19 

EVALUATEE: POSITION: 

EVALUATOR: POSITION: 

DEPARTMENT/SCHOOL: 

DATE ISSUED: CONCLUSION DATE: 

ASSISTANCE: (Check One) □ LEVEL I □ LEVEL II 
I. Performance Area(s) Requiring assistance: 



II. Activities (Activities will be verified on Log of Professional Participation): 





Beginning 


Completion 




Date 


Date 


0) 






(2) 






(3) 







III. COMMENTS: 



/ have read and received a copy of this form. Signature does not imply agreement or disagreement with content. 



tVAUMTOR 



DATE EVAIUATEE 



DATE 



ERIC 
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Interviewing for Excellence: 
A Guide to Teacher 
Characteristics 



Arthur E. Lebofsky 

CLARKSTOWN SOUTH HIGH SCHOOL 

Kathleen P. Ranwez 

JEFFERSON COUNTY, COLORADO SCHOOL DISTRICT 



Larry G. Clark 

TOLEDO HIGH SCHOOL 

Anna Clair Codner 

WEATHERFORD, OKLAHOMA 



1 he personal interview is a crucial fiEurtor in 
hiring new personnel. This function of supe^ 
vision has become more important with the ef- 
fects of increasing mandates* teacher retire- 
ments, and staff defections. Yet educational 
leaders rarely have ttie time to qmtiie^ ex- 
isting research data and develop an easily ap- 
idied model i^ch can assist in hhing the best 
available talent 

The research base needed to support a more 
valid interview process does ^st The 1982 
Search for Excellence in Science Education 
(SESE), qwnsored by the National Sdence 
Teachers Association and funded by the Na- 
tional Science Foundation (NSF)» identified 50 
exemplary science programs that met q)ecific 
criteria. These criteria were originally devel- 
oped as part of the NSF Pkx>ject Synthesis, a 
random, stratified national survey of adminisr 
trators, supervisors, teachers, and other school 
personnel A crucial follow-up to the original 
process was the construction of a profile of an 
exenq)iary teacher. As R J. Bonnstetter af- 
firmed, Describing characteristics of key 
teachers of exemplary programs represents a 
m4or component v^ch must be documented 



if we ever hope to provide a path to excellence 
in sdence education" (Bonnstetter et aL, 1983). 

With the descripthre data now available 
(Weiss, 1978; Bonnstetter, 1983; Penick, 1984), 
some conclusions about the characterstics of 
an exemplary science teacher can be drawn. 
One coidd also extrapolate how the better 
teacher candidate would respond to various 
interview questions. The literature identifies 
12 teacher characteristics common to teach- 
ers in recognized exemplary programs. These 
teachers 

• have a defensible vision of the ideal teach- 
ing and learning environment 

• see teaching as a dynamic, multivariate ac- 
tivity 

• know that ideas, materiab, and curricula 
must change 

• are proactive rather than reactive 

• work and communicate well with others 

• are confident they can succeed and have a 
high tolerance for risk 

• have had experience with handsK)n 
materials 



• have woriced with chUdren of all age levels 

• understand the content and methods of their 
field of science 

• are models of active inquiry, equating teach- 
ing with learmng 

• have the creativity and energy necessary to 
create and implement a challenging science 
program 

• are professional and up-todate in their teach- 
ing methods and science content 

The Questions to Be Asked 

If one accepts the cluster of these characteris- 
tics as an indication <rf exemplaiy science teach- 
ing, then a supendsor or administrator should 
be able to identify such a prospect from a se- 
lection of candidates. Questions keyed to the 
characteristics could be developed to elicit se- 
lected responses that would either indicate 
prior exemplary behavior or predict future de- 
velopment and success. 

With this chaige, the fallowing questions 
were created and the re^nses of an ideal 
candidate hypodiesized. These questions can 
be posed to the candidate in an interview, and 
the responses compared to those generated 
by the SESE sample. Two m^or caveats, 
however, must be considered. First this 
should not be used as die sole determinant of 
prior success or future potential: An adminis- 
trator concerned about hiring the best pos- 
sible staff member should use several inter- 
view techniques, including but not limited to 
the methods outlined here. Second, these 
questions should not be used as an evaluative, 
judgmental methodology for those currently 
employed. That would be an invalid use of the 
data collected in the original research. The 
folloNving categories are a guide to a selection 
of questions, developed to assist the adminis- 
trator hiring a science instructor. While the 
projected responses are those of a hypotheti- 
cal exemplary teacher, a continuum could be 
considered in ranking the appropriateness of 
any ghren response. 

J50 



The Interview 

Question; Hove you been active in the 
professional oisanizations of science 
educators? 

Oiganizatbnsthatmaybe menttoned include 
the National Science Teachers Association, die 
stite Science Teachers Association, National 
Association of Biology Teachers, Notonal 
Earth Science Teachers Association, An.»erl- 
can Association of Physics Teachers, and the 
American Chemical Society. 

Question; How active have you been in 
die Ofganimtion? 

The exemplaiy teacher has participated in 
conferences, has been a presenter at confer- 
ences, has been an officer in the oiganization, 
or has written for the organization's publica- 
tions. 

Question: What science-oriented 
journals, magazines or newsletters do 
you read regulaity? 

Among those that may be mentioned include 
The Science Teacher, Discover, Pdpular Sci- 
ence. Science and Children, Scientific Ameri- 
axn. Science News, American Journal ofpi^ 
ics. School Science and Mathematics, The Ameri- 
can Biology Teacher, The Earth Scientist, The 
Journal ofChem Ed, Physics Today, The Physics 
Teacher, and their state science association's 
magazine or newsletter. 

Question: What have you done to 
continue to grow prafessiona^y and 
personally? 

Exemplary teachers regularly attend local 
workshops and inservlce activities and have 
frequentty attended regional or national con- 
ference sessions. Moreover, the teacher will 
make a regular attempt to take more formal 
college courses and may have broad travel ex- 
periences. 

Question: hi viliat committee activities 
have you been invohred in your school 
experience? 

Most commonly mentioned by exemplaiy 
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teachers were group activities such as task 
forces, st&fif relatica i, and curriculum develop- 
ment 

QttMtioiu Bxm are you involved witUii 
your cnnwimnHy? 

Eienqdary teachers have a broad base of 
community involvement— scouting, coaching, 
vohmteer wim*. church work, service oigani- 
ntioiis, parent-teacher associations, and po- 
Btical oiganizations. 

Qoeation: What do you cynudder to be 
an ideal trThing environment? 

Baaed on die research, a spedfic set of indi- 
catXHB is characteristic of the class environ- 
ment and iduk>soi4iy of exenq>lary teachers. 
As viewed by such staff, the ideal environment 
inchides 

• te^her/studcnt enthusiasm 

• student-centered activities 

• an inquiry aM)roach to teaching 

• less teacher demonstrations, more student 
use of manipulatwe and/or hands-on materi- 
als 

• less lecturing and more discussion than the 
norm 

• use of televised aiid computer-assisted in- 
struction in classes 

• extenshre use of off-site activities, outside 
resources, and guest speakers 

• culture of living plants and/or animals m 
the classroom 

• a class atmosphere that is both stimulating 
and accepting 

Question: What are your attitudes about 
diaoge and what part have you plqred 
in promoting change? 

Exenfq>lary teachers are receptive to change 



and help to promote it They are continually 
open to new ideas as indicated by their atten- 
dance at NSF Institutes, conventions, work- 
shops, and inservice activities. They consider 
change an opportunity for growth. 

Question: How do you respond ^en 
confronted with difficult decisions? 

The teachers shouM demonstrate flexibility 
in their use of time, schedule, curriculum, and 
in their view of thanseKes. Hexibility in the 
£eu:e of adversity is a key characteristic of an 
exemplary teac" er. 

Using Local Criteria 

Administrators should certainly condder local 
criteria along with the more general concepts 
outlined above. A selected student committ-^ 
coukl develop a list of characteristics they 
w.' iM consider common to exemplary teach- 
c! (see, for example. Yager and Bonnstetter, 
1984). Teachers, administrative staff, lunch- 
room/custodial personnel, and parents could 
also le involved in developing this criteria 
list These diverse populations, responding to 
a request for the characteristics of an exem- 
plary teacher, provide an additional local source 
of questions and anticipated responses in the 
assessment process. 

In £ddition to these questions and criteria lists, 
it is strongly recommended that peer observa- 
tions be included in the process. An instru- 
ment developed by the science staff should 
include observational measures of creativity, 
management skills, and communications skills. 
A teacher from the department may also be 
mcluded m the mterviewing of new candidates. 
These methods can enhance the interviewing 
skills of the departmental leader and principal 
m the ongomg search for excellence m educa- 
tion. 
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TThe American Federation of Teachers* Task 
Force on the Future of Education stated that 
the full professionalization of teaching and the 
restructuring of public schools to promote stu- 
dent learning should be nuuor aims of the cur- 
rent educational reform movement It also rec- 
ommended that decisions about pr .<;ssional 
matters such as instructional strategies, staff 
development and curricular materials should 
be tile reiHwnsibility of teachers ( Second Stage 
Education." 1986). 

In its i4 Nation Prepared: Teachers for XH 
21st Century, tiie Task Force on Teaching as a 
Profession, assembled by the Carnegie Forum 
on Education and the Econon^r, has becon^'? 
one of the strongest proponents of tiie profes- 
sionalization of teaching. This task force has 
taken educational reform proposals further 
than previous reports: from the very begin- 
ning, it has advocated that teachers be given 
the autonomy that is the hailmaik of profes- 
sional vrork {The 1984-^6 Report of the Qu- 
eers of the American Federation of Teachers, 
1986). 
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Teacher as Professionals 

In writing about the importance of the profes- 
sionalizTition of teaching, AlbertShanker (1985) 
stated that unless teachers move from collec- 
tive bargamuig to professionalism, they will 
fail in their m^or objectives, which include 
the preservation of public education in this 
country. He wrote that teachers are far from 
being professionals as many of us understand 
that tern. He defined a professional as an 
expert vno is allowed to operate fairly inde- 
pendently. Denemark (1985) wrote that^vhile 
asking for more professional behavior from 
teachers, some citizens and legislators have 
advocated controls over teaching that effec- 
tively block professional development* (p. 47). 
DeYoung (1980) stated that professionalism is 
based on autonomy, and educational bureauc- 
racies will not give up their power over teach- 
ers. Alma Wittlen (1965) wrote that teachers 
in the American classroom have very limited 
power ot decision making. She cited a survey 
which showed that the lack of democratic ad- 
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ministrative procedures and the lack of a share 
in policy-making were among the main causes 
of poor teacher morale. 

Shanker (1987) pointed out that many of the 
recent books on achieving excellence in busi- 
ness call for greater participation of employ- 
ees in decision-making processes. However, 
he noted that middle management is often the 
source of opposition to employee participation. 

ff employees are no longer...iold what to do but 
are now given the responsibility for planning, 
executing and evaluating their work, it's not 
surprising to find that the oHfmman..Mieves 
that a new scheme just won't work unless he's on 
top of it all— unless he's supervising it Also, 
there's fear that, in a system that involves all 
employees fiilly, there may be no role, or a much 
smaller one, for management Middle manag- 
ers feel fherell be a loss of numbers, status, and 
power, (p. 5) 

Shanker says that similar reactions are be- 
ginmng to appear in some school systems 
where teachers are asking for greater respon- 
sibilities. He cites, as a case in point, the school 
principals in Rochester, New York, who went 
to court to deny State funds for a mentor- 
teacher program where experienced teachers 
provided assistance to their colleagues. Thus 
we find forces within the educational system 
itself that work against the expansion of teach- 
ers' professional power. 

What alternatives do supervisors have in 
responding to the move to extend and expand 
professional autonomy among teachers? One, 
of course, is to fight against it If supervisors 
view the expansion as an invasion of tlieir role 
and responsibilities and thus feel threatened, 
then obstructive behavior may be the reaction. 
On the other hand, if supervisors support the 
litovemeni to professionalize teaching, \ -^n an 
examination of the supervisor's role in facili- 
tating greater professional autonomy among 
teachers is in order. If the latter is chosen, 
what will the supervisory role be Lke? The 
purpose of this article is to answer that ques- 
tion and to show that the supervisor's position 



may be strengthened as teachers assume 
greater professional autonomy. 

Underlying Assumptions 

Before describing a supervisory sQ>proach and 
a series of supervisory activities designed to 
increase teachers' professional autonomy, 
some underlying assumptions need to be made 
explicit The assumptions are as follows: 

• Teachers are professionals and will beliave 
as such when dealt with accordingly. 

• Teachers, like all professionals, want to im- 
prove their professional performance. 

• Teachers are capable of setting directions 
designed to improve their performance them- 
seWes. 

• Decisions made by teachers to improve their 
performance will lead to more enduring 
changes than decisions imposed by others 
(supervisors). 

• A trusting, collegial relationship between a 
supervisor and a teacher is more conduchre to 
the professional growth of both and provides 
greater support for professional end eavors than 
the traditional supervisor-teacher relationship. 

• A relationship in which teachers interact 
with one another in a professional, tiisting, 
collegial manner is more conducive to profes- 
sional growth and provides greater support for 
professional endeavors tJian when teachers are 
isolated from one another. 

No singular supervisory activity described 
below, in and of itself, will have sufficient impact 
to bring about marked professional autonomy 
among teachers. The implementation of many 
activities may make a difference. By taking the 
supervisory approach outline J here and includ- 
ing many such activities within one's approach, 
supervisors m^ focilitate professional auton- 
omy among teachers and foster the profes- 
sionalization of teaching. In addition, they may 
also strengthen their own position as leaders 
within a community of professionals. 
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Intervif'tation Among 
Colleagues 

Super^sors who leach part of the day can 
encourage teachers to visit their classrooms 
to obsenre their teaching performance. Some 
supervisors do, on occasion, invite teachers 
into their classnioms, but it is usually for a 
specific purpose, such as to observe a certain 
technique. Rarefy do supervisors establish an 
open classroom door policy and genuinely 
encourage teachers to visit However, doing 
80, supervisors nonverbally aq)ress to teach- 
ers, 1 am jrour colleague. I am exposing myself 
as you are exposed when I visit your classes to 
observe your teaching pei-formance." This may 
be ttie first step to- ^ a coOegial relationship. 
Tbe supervise' ^ clarify that the intent is 
not to demonstrate what he or she would like 
the teacher to do. The opportunity to observe 
should come with no strings attached and 
should be endrefy without imposition. The ob- 
&<;rvation may lead to discussion. Ideas m^ 
be exchanged. The teacher, in turn, may adopt 
or ad^ something he or she has observed or 
modify something he or she is doing. Such 
decisions, though, must be solefy those of the 
teacher. In turn, the supervisor might also 
decide to make some changes in his or her 
iq)proach to teaching. 

The outcome may be greater than this. As 
the teacher and the supervisor each make de^ 
cifjons about his or her own teaching perform- 
ance, steps toward increasing; professional 
autonomy are also being taken: A professional, 
trusting, collegial relationship between the 
teacher and the supervisor, never before so 
e3q)er:snced by either, may begm to develop. 

In establishing the practice of having teadi- 
ers observe one's teaching performance and 
developing a trusting, coOegial relationship 
with them, a supervisor might encourage the 
teachers within the department to do likewise. 
The trust and collegiidify developed between 
supervisor and teacher may serve as a model 
for the kind of relationship teachers might 
develop among themseWes. 

Rarefy do teachers observe their colleagues' 
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teaching performance. Most teachers are re^ 
luctant to expose themseWes. In addition, the 
very nature of our educational system tends to 
reinforce the isolation of teachers. By trusting 
one's colleagues and having some positive 
experiences of a collegial nature, teachers may 
choose to move out of isolation. Teachers have 
much to gain by visiting one another and shar- 
ing ideas. Intervisitation might lead not onfy to 
improved teaching performance but also to 
decisions to enter into cooperative arrange 
ments, such as collaborative planning and team 
teaching. Thus the waOs isolating tes^ chers may 
begin to crumble. 

To take this one step further, teachers might 
be encouiiaged to visit one another across 
department lines. Some areas of common con- 
cern transcend the various subjects, such as 
classroom management and control, teaching 
techniques, and principles of learning. In addi- 
tion to outcomes similar to those that occur 
when teachers visit supervisors and the other 
teachers within their depar*-** ic, Litenisita- 
tion across department line may lead to the 
sharing of novel ideas, working together to 
correlate learning outcomes, and interdiscipli- 
nary team teaching. Such arrangements of 
course, should be the outgrowth of decisions 
made by teachers. 

Systems of Analysis 

Another supervisory practice that may con- 
tribute toward increasing professional auton- 
omy is to encourage teachers to explore sys- 
tems designed to anafyze the interaction in 
their classrooms. This can be done during 
department meetings or on a one-to^ne basis. 
By learning what goes on in their classrooms, 
teachers can then make some decisions of a 
self-directing nature. 

If teachers rje interested in learning about 
the kinds of thinking the questions they ask in 
class provoke, the Aschner-Gallagher system 
might be presented to them. Aschner and Gal- 
lagher (1963) based theu- system upon the 
workofJ.G. Guilford (1956). This system has 
four broad categories of questions: cognitive 
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meinoiy» convei^ent, divergent, and evaluative. 

Cognitive memory questions require noth- 
ing more than recalling information. Some ex- 
amples: What do the letters DNA represent? 
Who discovered the nucleus of the cell? What 
is the Law of Universal Gravitation? 

Convergent questions call for the analysis 
and integration of remembered knowledge. 
They require reasoning to reach an answer. 
Some examples: How would things be differ- 
ent if the earth's axis were perpradicular to 
the plane of the earth's orbit^ If the force be- 
tween two bodies is equal to the product of the 
masses of the two bodies divided by the square 
if Lie disunce between than, what would 
happen to the force between two bodies if the 
distance between them were doubled? 

Diveiigent questions require imaginathre and 
creative thinking. One often has to manipukite 
data to answer such questions. There is not 
one and only one correct answer to such a 
question. An example of a divergent question 
is: Ho w would ^"ving be different in a society in 
which an diseases had been conquered? 

Evaluative questions call for matters of judg- 
ment, opinion* value* and choice. Examples: 
What criteria woukl you apply to determine 
who were to recer/e human organ transplants 
if there were more people who needed them 
than there were organs avaihble? What do 
you believe shoukl be done to or for people 
who cany genes for serious birth defects? 

Once a teadier has learned to classify ques- 
tions into these four categories* he or sb can 
tape-record his or her lessons* listeu y the 
tapes* and count how many questions of each 
type have been asked. The teacher can then 
determine the percentage of each type of ques^ 
tion asked. For example* if 21 out of 28 ques- 
tions asked during a lesson were cognithre 
memory* then 76 percent of the questions re- 
quired students only to recall what they knew. 
If a teacher then decides that he or she wants 
J ask questions that call for other kinds of 
thinking more often* he or she can formulate 
key questions of those sorts ^en planning 
lessons. A supervisor can help the teacher in 
the above process by observing and recording 



data and guiding the teacner in interpretation 
and analysis. 

Social-Emotional Climate 

If teachers are interested in obtaining knowl- 
edge about the social-emotional climate of their 
classrooms* dien information abovt the use of 
a system such as Flanders can be helpful (Ami- 
don and Flanders* 1967). This system will he^ 
answer such questions as: Do I accept s!^:- 
dents' feelings? How much time do I ^nd 
praising and encouraging students? Is my 
praise brief or sustained? Do I build on stu- 
dents' ideas? How often after asking questions 
is there at least a three-second pause before 
students answer? How much time do I ^nd 
lecturing? How much talking do I do during a 
lesson? How often during the lesson do stu- 
dents initiate \ ^at they si^? How much time 
do I spend criti Ing students? 

This system has 10 categories of verbal be- 
ha^or. The first seven invoWe 'teacher talk": 
accepts feelings* praises* accepts or uses stu- 
dents' ideas* a^s questions* lectures* gives 
directions* and criticizes. The next two catego- 
ries involve student talk— student responses 
solicited by the teacher and studeut talk initi- 
ated by the student The tenth category is si- 
lence or confusion. 

This system requires a teacher to either ts^ 
record his or her lesson or in^te an observer 
into the classroom to record* in number form* 
each verbal behavior as it occurs every three 
seconds. Each category is assigned a particu- 
number for coding purposes. One must 

^"n some ground rules in order to properly 
code the behaviors. After coding* the data is 
placed into a matrix which* when analyzed* 
provides the teacher with much information 
about the verbal interaction in his or her class- 
room. The teacher can then make some deci- 
sions about the patterns he or she employs. 

Teachers can use many other systems to 
record and analyze the interaction in their class- 
rooms. One should select a systan that con- 
tains categories of beha^or that will pro^de 
the kind of information the teacher seeks. 
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Saperriaors need to be knowledgeable of vari- 
ous qrstems and sources of infomnatinn about 
tliem (Simon and Boyer, 1967). 

Clinical Supervision 

Anodier means of promotiog inx>fessional au- 
tonon^ is tor superviscH^ to enqdoy a clinical 
superviaoiy q)pit>ach in tiieir woric ^ 
en. Smyth (1984) si^ tiiat the kind of super- 
visory approach most likety to pnmde benefit 
is one which enables teachers to eq)erience 
autonomous pnrfe&sional devefepment throu£^ 
the qrstematk: study of tiieir own teaching. He 
writes that dinkal supervinon should not be 
viewed as a method for inqiroving teaching, 
but as a means of enqxmerment by which 
teachers can gain control over dieir own teach- 
ing and, in turn, dieir devebpment as profes- 
sionals. 

A dinkal supervisory apptoach is thoroughly 
presented by Gohlhammer (1969). This ap- 
proadi, with modifications that I believe would 
be in line with &nytti's portion, may be briefly 
described as foDows. 

A 8iq)ervisor who employs a clinical supen/i- 
soiy approach begins by first holding a pro^ 
obsmation conference with the teacher he or 
she is going to observe. The puiposc of the 
preobservation conference is ^or the teacher 
to provkle die supervisor with information re- 
garding the nature of the class, objectives, 
lessons, and so on. Other purposes of tiie pre- 
observation conference include the develop- 
ment of trust and the alleviation of anxiety. In 
addition, it is at this meeting that the lupervi- 
aor ascertiuns from the teacher those aspects 
of performance with which tlie teacher would 
like some help, assists in selecting or devising 
•ome means for improving his or her teach- 
ing, and agrees upor. the means ^o be etii- 
pbyed by the teacher or supervisor to obtain 
and record data of the teacher's performance. 
Hie goal of the preKibsen^on conference is 
to foster professional autonomy. 

During the observation, the data^thering 
method agreed upon by the teacher and the 
•upervisor is empfoyed. This may include au- 



dio or videot2U)e recording by the teacher of 
his or her own performance. It may also in- 
clude the super/isor serving as the recorder of 
observations. The supervisor might use ar^ 
classroom observation instrument that was 
agreed upon or miglit record veribatim interac- 
tions or occurrences relating to tiiose areas of 
interest or concern to the teacher. 

Following tile observation, the supervisor 
may engage in a in^liminary analysis of the 
data, determine the patterns that characterize 
the teacher's performance, consider the 
teacher, and dedde upon an an>roach for the 
post-observation conference. More desirable, 
though, would be for the supervisor to assist 
the teacher to analyze the dstsi and determine 
the patterns that chardcterize the teacher's owi 
pe^ mance. 

Dunng the post-observation conference, the 
recorded data is presented to the teacher for 
b*s or ner analysis. The sur" rvisor may guide 
the teacher so that aD patterns which relate to 
those areas in which the teacher is inti^rested 
are identified and analyzed. The supervisor 
may also guide the teacher to consider alter- 
native patterns. Decisions to continue, alter, 
or replace patterns remain with the teacher. 
During the post-observation conference, the 
teacher may also seek the supervisor's help 
in devising strategies for implementing any 
changes he or she has decided upon. 

After the post-observation conference, the 
supervisor l^ks back and analyzes his or her 
own performance at the post-observation con- 
ference md makes plans for working with the 
teacher in the future. 

The conventional clinical supervisory ap- 
proach can certainly be modified to lead to a 
truly c ^%gial relationship between supervisor 
and teachers, with increasing opportunities to 
e3q)and professional autonomy among teach- 
ers, 

Teacliers as Decision Malcers 

Another supervisory practice whkh by its 
very nature fosters professional autonomy is 
to involve teachers in decision-making mat- 
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ters. Teachers can be inviied to examine and 
reconunend textbooks and other cunicular 
materials^ submit topics to be discussed ai 
department meetings* revise existing courses, 
propose and design new courses, identify their 
own imfessional needs, and devise plans for 
inservice education. People invohred in mak- 
ing decisions usually have a greater feeling of 
ownershq). They often wcaic diligent^ in inh 
plementing the decision so that it will turn out 
to be successful. Although involvement in 
decision-making processes often requires a 
greater conunitment of time and effort, there 
are incentives that encourage such participa* 
tion. These include the fact that it is more 
desirable to participate in decisicms than to 
leave them to others (supervisors), ^^spedBlHy 
if implementation becomes the re^nsibility 
of the teachers. The strong support teachers 
may receive from suji)ervisors and administra- 
tors in the implementation of decisions made 
by the teachers^ themsehres may also serve as 
a strong incentive. 

Croup Dynamics 

To help facilitate the woric of leachers when 
ihey come together in groups, supervisors 
should make mental notes of the dynamics of 
those groups, including those in which the 
supervisors serve. One of the supervisor's func- 
tions should be to help each teacher become a 
productive participant A group's dynamics 
include thr; forces within the group that deter- 
mine its behavior and the behavior of its mem- 



bers. Every group has its own forces. The con- 
ditfons shaping such forces include the de- 
gree of acceptance and trust menrbers share, 
the Tmdertying animosities tfart .nay exist, the 
relative status each member is percehred to 
have, and so on. Supervisors need to under- 
stand those conditions and forces that exist 
within groups as well as the basic princqries 
that underlie effective group relations. Wtih 
this knowledge, they need to function and to 
he^ others function in w;s^ which lead to the 
success of groups. 

It is essential that supervisors be process 
oriented. They need to encourage particqxh 
tion of an group members; help devefop trust; 
facilitate communication; arbitrate whenever 
ap(xx)iMiate; seek and provide information, 
ideas, and opinions; and define positions. They 
need to help teachers learn to do the same. 

The role of the supervisor described in this 
article is actual^ the r^le of a leader within a 
community of professionals. The approach and 
IHactices described are intended to be helpful 
to supervisors in guiding teachers toward 
greater prof^ional autonomy. When teach- 
ers, with the help of supervisors, set the direc- 
tion for their own imimove^nent, obtain feed- 
bade, analyze their own teaching* design strate- 
gies to improve their performance, become 
involved in professional decision-making |nt)c- 
esses, and relate to their supervisors and to 
one another on a collegial bacis, supervision 
may be regarded in a favorable light 
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he science supervisor with no elementary 
tfftrhing e3q)erence may be on unfamiliar 
ground when tsced with die task of impro^ong 
elmentary science teaching in his or her dis- 
trict He or she m^ be surprised to discover 
Hist science, a relatively stable part of the air- 
licuhmi in postelementary education, may be 
conddered a frill in the elementary curricu- 
hun by teachers, administrators, and commu- 
nity aUke. Even if time and money are allo- 
cated for sdence, the supendsor may be fur- 
ther stonewalled by negative teacher attitudes. 
Teachers may skip over or skim teaching sci- 
ence because they dislike the subject or feel 
inadequately trained. Perhaps some teachers 
do teach science, but stick to a smgle tx^xtibook 
and squeeze instruction in at the end of the 
school day. Some of these teachers feel that 
sufficient science for young children is the 
study of vocabulary and memorization of 
terms— a concept of science teaching that the 
supervisor with secondary or intermediate 
teaching experience is imbably familiar with. 

This chapter first addresses the status of 
eJementaiy sdence as described by the three 
1977-78 NSF status studies and the 1978 Sci- 
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ence Assessment of the National Assessment 
of Educational Progress. The second half de- 
scribes what the literature says about the value 
of science in the elementary school and how 
these findings may help the supervisor stimu- 
late teachers to improve elementary science. 

Each supervisor has a unique list of prob- 
lems wh'''h may or may not reflect the situ- 
ation described above. There are macy excel- 
lent elementary science teachers, and some 
have been identified by the NSTA Search for 
Excellence in Science Education (Education 
USA Report, 1983). 



The Status of Elementary 
Science Teaching 

The picture above describes the typical ele- 
mentary classroom as disclosed by three NSF 
studies in 1977 and the 1978 National Assess- 
ment of Educational Progress. These were 
comprehenshre studies^ covering many class- 
ro<Mns and districts nationwide and undertaken 
to assess the status of science, ma thematics, 
and social studies education in the United 
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States. These studies included 

• a search of published and unpublished lit- 
erature covering the period 1957-1975 by He^ 
gelson and others at Ohio State (Helgeson, 
Blosser» and Howe, 1977) 

• a nationwide questionnaire survey of sci- 
ence educators, administrators, teachers, and 
supervisors headed by Weiss at the Research 
THangle Institute (Weiss, 1978) 

• eleven in^epth case studies of schools 
undertaken by Stake and Easley at the Univer- 
sity of Illinois (Stake and Easley, 1978) 

• achievement and attitude data collected frcxn 
students in the NAEP 1978 study 

The data from these studies has been cited, 
summarized, and analyzed numerous times by 
science educators (see, for instance. What 
Research Says to the Science Teacher {Harms 
and Yager, 1981] and What are the Needs in 
PrecoUege Science, MaOtematics and Social 
Science Education? Views from the Field [Na- 
tional Sdence Foundation, 1980].) The picture 
of elementaiy science teaching that emerges 
from these studies is dear— time and money 
for elementary science are in short supply and 
activities4)ased science in the classroom is rare. 

Status of Time Spent on 
Elementary School Science 

Teacaer-reported Ume, allocated time, and 
observed time for science diff-. fnm study to 
stucfy. Twenty-five percent of the states and 40 
percent of the school districts in the nation set 
guidelines for the minimum amount of dme to 
be spent on each subject. Of these, the aver- 
age reconmiended minimum time for science 
was 30 minutes per day in grades K-3 and up 
to 40 minutes per day in grades 4-€ (Weiss, 
cited in Panel on School Science Commission 
on Human Resources of the National Acad- 
emy of Sciences, National Research Council, 
1980). 

The average teadier-reported time was con- 



siderably less. K-3 grade teachers reported 
that, per day, they spent about 20 minutes on 
science, conq)ared to 20 minutes on social stud- 
ies, 40 minutes on mathematics, and 95 min- 
utes on reading. Teachers of grades 4-€ re- 
ported they spent about 30 minutes on sci- 
ence, compared to 35 minutes on social stud- 
ies, 50 minutes on mathematics, and 65 min- 
utes on reading Qbid.). Mechling and OUver 

(1982) observed that a 1980 NSF survey un- 
covered even lower average times: 17 minutes 
for science in K-3 and 28 minutes in 4-6. Even 
inore pessimistic estimates were given by Sigda 

(1983) : •'...in the elementaiy school, the aver- 
age child win spend less than one out of 25 
instructional houre per week studying science" 
(p. 625); and Rutherford, ''at the elementaiy 
school level, instruction in sdence has almost 
ceas^, being no more in most cases than a 
few minutes each week of reading from text- 
books" (cited in Mechling and OUver, 1983c 
pp. 2^). 

Status of Financial Support 
for Elementary School 
Science 

The studies indicated that by the late 1970s 
there was ''near universal agreement that 
school dollars for science are declining" (Phitt, 
1981, p. 88). Although 40 percent of schools 
required instruction in science, a budget for 
science materials was listed in only 16 percent 
of the schools Qbid.). Across all grade levels 
teachers themsehres perceived financial issues 
to be the m^or focus of difficulty: Teachers 
considered inadequate facilities, insufficient 
funds for purchasing equipment and supplies, 
and lack of materials for individualized instruct 
tion as the three most serious problems affect- 
ing science instruction'' (DeRose, Lockard, and 
P&ldy, 1980, p. 48). Of the funds elementao' 
schools do have at their disposal, only a smaU 
proportion was budgeted for curriculum mate- 
rials in the first place and science ''usually 
fares badly in the competition for scarce funds" 
Cibid. p. 45). 
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Status of Activities-Based 
Science 

An activttie84>a9ed science program incorpo- 
rates demonstrations, hands-on activities, dis- 
covery, and/or inquiry methods m place of or 
in addition to a single texdx)ok program. These 
programs nxay be mai^ and various, from 
teachar devekq[)ed curricula to one of die NSF- 
developed pfx)grams, such as SAPA, ESS, or 
SCIS. Although -discovery^ and •inquiry" inrh 
ply student-initiated investigation and the de- 
vdcvment of process and problem-sohing 
skills, "activities-based" also inchides teacher 
demonstrations, isolated verification labs, and 
handson activities as motivators. Activities in 
the former are ^>t to be tied together in a 
more systematic and developmental way than 
tfie latter. "Activities-based" science actively 
migages students with materials or equipment 
as a regular part of their science program. 

At tiie time of tfie Weiss survey, 31 percent 
of fhe elementary school districts reported 
using one of the activitie&based NSF programs. 
Teachers reported that, when tfiey taught sci- 
ence, 46 percizt of K-3 and 56 percent of 
grades 4-6 teachers used a single textbook 
program (Pratt, 1981). Were these single text- 
book programs based or supplemented by ac- 
tivities? Only one in Hiree elementary class^ 
rooms was reported to use hands-on experir 
ences once a week or more (DeRose, Lockard, 
and Paldy, 1980). "Elementary school science, 
like that in junior and senior high schools, is 
taught prim»n^ by lecture and recitation based 
on one textbook" Qbid. p. 45). 

Survey data suggest that the domination of the 
CHrriculum by Ae textbook tends to discourage 
use of inquiry techniques which require students 
to do more Oian look up information in Me text 
and Um recite or record it. In addition to read- 
ing and recitation, teachers report that work- 
booh exercises provide much of whatever activity 
exists in typical classrooms, (ibid. p. 44) 




Behind the Status of 
Elementary Science: Value 
and Teacher Competence 

Is more time and money a sufficient guaran- 
tee of good elementary science instruction? 
What are the reasons for this state of afiEairs in 
the elementary school? Why does science 
appear to be, in the words of Mechling and 
OUver (1982), tiie "stepchild of the elementary 
curricuhun?" There are aheady many demands 
on tfie elementary school day: teachers could 
well lament that no curriculum subject gets 
the fiill time and attention needed to teach it 
well and money is tight all oven But in some 
elementary cli^rooms science is an exciting 
and dynamic part of the curriculum, as evi- 
denced by NSTA's identified exemplary sci- 
ence programs (Penick, 1988). Why do some 
teachers have the time and facilities to make 
science a vital part of their curricuhun and 
others do not? Do they have more time or do 
they make more time? It is true that the NSTA 
exemplary science program teachers were less 
likely to dte inadequate facilities as a serious 
problem. They were nK)re likely, in fact, to 
rate their facilities, supplies, funds, q)ace, and 
assistance as ver. good or satisfactory com- 
pared to oti. 2r science teachers* ratings of the 
same {Education USA, May 30, 1983). 

Is it simply that more time and more money 
will lead to better elementary science educa- 
tion? This may be the case in those districts 
where eager, science-minded elementary 
teachers have been frustrated in their attempts 
to teach science ^th bare science cupboards, 
or shortened school days, or pressure from 
standardized achievement tests that uidude 
no science. But in many cases the studies 
mdicate that behind the lack of time and money 
a more subtfe obstruction exists: attitude to- 
ward elementary school sdence. Elementary 
school sdence may not be seen as either valu- 
able or necessary. Teachers who don't like 
sdence or feel inadequately trained miqr ei- 
ther skip or skun it in tfie classroom in spite of 
allocated time. Administrators and parents who 
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regard elementary science as a friD are un- 
likely to allocate it time and money in the first 
place. 

Analysis of the NSF studies indicates that 
science edtjcation and activities-based science 
are » priority compared to otiier parts of 
rhe ekmentary curriculum, and tiiat many 
teacVrs feel inadequately trained to teach 

What the Studies Say About 
Elementary Science as a Low 
Priority 

State boards of education rarely consider 
knowledge of science to be basic, and science 
education is rarely included in state needs as^ 
sessments (DeRose, Lockard. and Mdy, 1980). 
Stake and Easley report tfiat. ^e elemen- 
tary iMincipals believe tiiat science is a basic, 
the three R's should be taught first (Pratt, 
1981). In addition, teachers of older students 
may dmpen elementary science entfiusiasm: 
Junior and senior high school teachers feU 
that periuq)s science was not very important in 
tfie elementary school (Smitfi, 1980). 

KobaDa and Betiiel found that "...many 
people, including teachers, feel tfiat science at 
the elementary level is a fiivolous, superfluous 
subject and should be excluded fi-om tfie in- 
structional day^ (1984, p. 79).It was also found 
tiiat 

...science in fhe elementary schools, not re- 
garded as basic, is given a low priority in com- 
parison to reading, mathematics, social studies, 
and health. Most elementary school teachers and, 
presumably, their school administrators see little 
relationship between science and other areas of 
the curriculum. (DeRose, Lockard, and Paldy, 
1980, p. 45) 

What the Studies Say About 
the Priority of Inquiry 
Science ^ 



e can conclude that, in some districts, ele- 



nientary school science education is not con- 
sidered valuable. How do inqujy metiiods rate? 
The following is a list of conclusions drawn 
from Helgeson's and Stake and Easlqr's re- 
ports. These conclusions relate specifically to 
inquiry methods, rather than flie broader ^ac- 
tivitiesrbased" metiiods, and include comments 
from both elementary and secondary teach- 



ers 



• Teachers find inquiry approaches difficult 
to manage. 

• Some consider inquiry dangerous, eq)eciaU|y 
in discipline problem classrooms. 

• Inquiry is perceived as not working for most 
students. 

• Inquiry is perceived as causing confosion 
and too difficuk for any but the verj brightest 
students. 

• Many teachers and parents consider the 
primary purpose of science education to be 
preparation for the next level of schooling: fliis 
means content, not process, skills. 

• "Socialization" (training students to foDow 
directions, pay attention, do ho'^iework, and 
take tests) of students leads to activities stress* 
ing authority and discipline: for many teach- 
ers, inquiry teaching is inconsistent with these 
activities (Welch, 1981). 



Teachers are not adverse to the goals of in- 
quiry teaching. Indeed, teachers and prind- 



ERIC 



making skills as very important and generally 
value firsthand learning (Welch, 1981). Teach- 
ers made positive statements about the value 
of inquiry, but tfiey often felt more responsible 
for teaching facts Cibid.) . The practitioners and 
curriculum developers seem to agree about 
the desired outcomes, but apparently disagree 
about what works to produce them. Or, al- 
tfiough teachers may value tfie goals of in- 
quiry, they may perceive the goal of iact reten- 
tion to be more valuable. 



itSAT TH£ V CISNCE EDUCATION LITERATURE SAYS ABOUT ELEMENTARY SCHOOL SCIENCE 



175 



What the Studies Say About 
Teacher Competence and 
Feelings of Inadequacy for 
Self ice Teaching 

Elementary school science instruction ulti- 
mately rests witfi the teacher. There is evi- 
dence that teacher attitude fiays a very impor- 
tuit role in ^^ether science is really taught in 
the dassroont 'Zeiss' survey showed diat 
elementary teachers' pc . ..eptions about their 
quslificalions for teaching science were con- 
sistent with fte amount of time q)ent teaching 
r (cited in Bethel, 1984, p. 152). Regarding 
elementaiy teachers' perceptions of their abil- 
ity to tea' fa spedfic subjects, Weiss found that, 
yAiQe 49 percent feU: qualified in mathematics, 
and 39 percent felt qualified in social studies, 
only 22 percent felt qualified in science (op.dt) . 

Hurd (cited in Bethel 1984) found that 51 
percent of element: >y teachers say their pre* 
service tnuning did not i»«pare them su£G- 
dentiy to teach the required science on a daily 
basis; 71 percent never had inservice science 
training. Elementary teachers were foimd to 
have negathre or neutral attitudes coward sci- 
ence and tended to teach little or no science 
(Bethel, Ellis, and Barufaldi, 1982; Koballa and 
Bethel, 1984). Mechling and Oliver (1983b) 
report that a mney of elementary teachers in 
12 states reveals that 

• one half do not feel prepared to teach sci- 
ence 

• the nuyority do not feel comfortable teach- 
ing ph> sical science 

• three out of four have never had inservice 
instruction in science 

V$is feeling of inadequacy by elementary teach- 
en to handle science *nstfuction permeates all 
three studies [NSF status reports] and indicates 
a need far some serious tvork by all those who 
can help alkviate this problem. (DeRose, Lock- 
anf, and Paldy, 1980, p. 46) 
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The First Step: Makina 
Elementary School Science 
Valuable and Elementary 
School Teachers Feel 
Qualified 

It is dear that teachers and school communi- 
ties that do not value science education in the 
first place are unlikely to inchide it in the ele- 
mentary c irriculum. The science supervisor 
battling for a share of the elementary school 
time and money budget would do well to ad- 
dress the issue of the value of elementary sci- 
ence instruction. Again, teachers who do not 
value science education and feel uncomfort- 
able teaching it are unlikely to be nK>tivated to 
make room for it ui their bu^ day. Nor are 
they likely to be motivated to somehow sur- 
mount the difiBculties of low science suivlies 
1^ scrounging or making thdr own. And, al- 
though there may be general agreement aboiit 
the goals of inquiry science in one's district, 
confusion nu^ exist about the methods. The 
supendsor needs o address ,Be issues of 
elementary school science. The first step the 
supervisor shoulc^ take might be changing 
teacher and communily attitudes toward ele- 
mentary science. To do this, the supervisor 
must emphasize that the outcomes of science 
education are uideed valuable, and that the 
elementary cl' »room teacher is capable of 
good science iStruction. 

The following are pieces of relevant research 
or position statements that help ai^'lress is- 
sues, queries, and comments the s .pervisor 
may run mto in an ^'ffort to affect an attitude 
change. The \ssues, barriers, objections, or 
problems are stated at the head of each sec- 
don and the resi.K)nse of both the research and 
the supervisor then follows. 

Science ia not one of the basics in baek- 
to-basics. 

Science and technology influence every aspect 
of our lives. They are central to our welfare as 
individuals and to the welfare of cur society. All 
around tss are examples of the importance of 
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science and technalogy for production ofjbod, 
mter, skelter, clothing, medicines, transporta- 
tion, and various sources of energy. There are 
an inc/easing number of science and technology- 
related societal problems as well as increasing 
societal ben^ts. SHence and technology are 
central to our personal and cultural welfare and 
to many societal problems: We must insure ap- 
propriate science education for cdl citizens. 
(NSTA Position Statement, 1982, p. 1) 

Robert Yager (1983a) and others have pro- 
posed that our goal as science educators is to 
create widespread science literacy instead of 
investing our energies in the 3 percent of high 
school graduates who go on to be future scien- 
tists and engine: .-s. What is scientific literacy? 
It is an awareness of the processes and gosds 
of science, a basic familiarity with the m^or 
content and issues in science and technology, 
and an awareness of the synergistic relation of 
society and science (see the NSTA Position 
Statement, 1982, or KobaDa's [1984] chapter 
''(Joals of Science Education" in Research within 
Reach for a more detailed treatment). 

What does this mean for elementary school 
science? How can we expect young children to 
deal with and understand complicated ar'' 
controversial societal issues, especially when 
they are incapable of understanding the rele- 
vant scientific concepts and processes in any 
sophisticated way? 

A carefully planned and articulated elemen- 
tary science curriculum should provide daily 
opportunities for the sequential development of 
basic physical and life science concepts, along 
with the development of science process and in- 
quiry skills. 

Elementary science would provide opportuni- 
ties for nurturing children's natural curiosity. 
This helps them to develop confidence to ques- 
tion and seek answers based upon evidence and 
independent thinking Children should be given 
an opportunity to explore and investiga:e their 
world using a hand-on approach, with instruc 
tional matefials readily available, 

^ The focus of the elementary science program 
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should be on fostmng in children an under- 
standing of, an interest in, and an appreciation 
of the world in which they live. (NSTA Podtion 
Statement, 1982, p. 2) 

Scientific literacy begjis with shov.ing chil- 
dren that science is something they have ready 
access to, can understand, can do, and can 
control. Childrei: should become aware of the 
kinds of questions science can ask and try to 
answer, the mistakes and false starts we make 
in science and how we learn from them, how 
we contrive to correct our fciulty experiments, 
the team work invo Wed, the thrill of discovery. 
These are basic to understanding how science 
and scientists woric in our everyday world. 

If scicatific literacy in our citizenry is a desir- 
able goal, then science at the elementary level 
becomes basic for another reason: many chil- 
dren may well get all their science education 
prior to the 10th grade. According to Helgeson, 
et al., over 50 percent of the students enrolled 
in our schools at the time of the study (1978) 
were not required to take science beyond 10th 
grade biology. Thij makes good science in- 
struction in grades K-9 particularly critical 
(cit'^d in Bethel, 1984). 

I can't squeeze another subject mto my 
already too full day. 

Would this be adding another demand on 
time, or is there a way that science can be 
integrated into math, social studies, and read- 
ing times for the benefit of all subjects? Ruth 
Wellman reviewed educational research and 
found evidence to support five generalizations: 

• Active experience with science helps lan- 
guage and logic development 

• Science instrui on appears especially help- 
ful for children ' /ho are considered physically 
or culturally "different" 

• Selected science activities accelerate read- 
ing readiness in young children. 

Science activities can provide a strong stimu- 
lus and a shared framework for conv«;rting 
experiences into language. 

• Reading skills stem from language and logic 
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development which comes after concepts are 
formed from repeated encounters with objects 
and events. Such encoimters are provided by 
science experiences. (Cited in ERIC, 1982.) 

Koballa .^d Bethel in Research wiMn Reach 
(1984), reviewed studies of the effects of sci- 
ence experiences on achievement in other 
areas such social studies, health, and fine 
arts. These studies indicate that science expe- 
rience strongly affects transitions to the next 
level of cognitive development Sdence expe 
rimces from SAPA and SCIS were shown to 
correlate with achievement in mathematical 
imblem-sohdng and reasoning skills. In gen- 
eral, Koballa and Bet^ el found that the inte- 
gration of science w^th other school subjects 
is mutually beneficial, and that this intef,Tation 
IHD^des students with examples of the inter- 
dq)endence of knowledge. 

hi most of these studies at the elementary 
level, including those reviewed by Wellman 
(1978), science instruction was largely activi- 
ties-based or inquiry-oriented. Science was not 
integrated into the reading curriculum by the 
simple expedient of having children read sci- 
ence: They woiiced with objects in an interac- 
tior 'etting. Their saence was handson. 

/ thought found out in the 1960s that in- 
quiry didn't work. Besides, inquiry and activi- 
ties-based programs are messy and require too 
much fjfbrt, Ume, and preparation. Kids are not 
really working, they're just messing around, 

Sh)rmansky, Kyle, and Alport (1983) synthe- 
sized the results of 105 experimental studies 
involving more than 45,000 students in which 
the new science curricula was compared to 
more traditional metliods. They used the tech- 
nique of meta-analysis to ana^ze the studies 
according to pre-selected outcome measures 
such as general achievement, analytic skills, 
process skills, and related skills Oreading, 
mathematics, social studies, and conununica- 
tion), as well as attitude toward science. For 
elementary school science studies. 

In all five performance areas where multiple 
studies were located, the ^ct size data indicate 



ihat students participating in fhe new p^grams 
performed significantly better than their tradi- 
tional course counterparts. The performance of 
the average general science student in new sci- 
ence curricula exceeded 61-72 percent.,of the 
students in traditional science courses for these 
five criterion clusters (p, 395^). 

For all 105 studies Qncluding secondary 
school science), student attitude toward sci- 
ence was highty positive. The new science 
curricula also had strong positive effects ui 
areas involving higher cognitive skills (critical 
thinking, problem sohdng, creativity, and logi- 
cal thinldnfi^. The new science curricula were 
shown to relate posithr-^ly to other curriculum 
areas such as reading, mathematics, and conh 
munication skills. 

Ted Bredderman (1982) conu)iled the resu^t^ 
of 60 studies of the effects of three activity- 
based science progiams (ESS, SAPA and SCIS) 
when compared to classrooms using texts or 
other traditional ways of teaching science. 
TTiese controlled studies :xivohfed 13,000 stu- 
dents in 1000 classrooms. The outcome meas- 
u:^s included science piwress, science con- 
tent, language development, creativity, attitude, 
and logic. 

On the average the children in activitybased 
science programs performed 20 percentile units 
higher than did comparison students f for sci- 
ence process skills]... On tests of creativity, based 
on five studies, students in adivitybased pn- 
grams showed a ben^t of about 16 percentil e, 
units. On tests of attitude, perception, logic, and 
language development the I enefits of being in an 
activity^>ased program were about 10 percentile 
units; on measures of science content, about 5 
psrcentile units; and math, about 5 percentile 
units, (pp. 39-40) 

One surprismg result was that academically 
or economically disadvantaged students gained 
nK>re from the activity-based programs than 
did those students who were not disadvan- 
taged. This was true on both science process 
and science content measures. 

Perhaps when some teachers say that the 
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1960s curricula didn't woric they mean that the 
curricula, as designed, didn't or wouldn't fit 
within the context of their teaching style or 
classroom. Did they find the expectations and 
intentions of some of the early curriculum 
developers too rigid or unrealistic for their 
own particular students a id community? White 
and Tisher (1986) characterize a shift in the 
nature of science curriculum during the 1970s: 
The science teacher came to play a more 
dominant role, not omy in the implementation 
of the curriculum, but in its development as 
well This indicates a movement from the lock- 
step sequence and content of "^acher proof 
curricula toward more flexible, less formal 
curricula adeqitable to local conditions. W-lch 
(1981), reacting to the data from the 1977-7fc 
NS^ studies, proposes also that the expecta 
tions of inquiry be reassessed at the local level. 
*We propose the more realistic view that not 
all students should be expected lo attain com- 
petence in all inquiry outcomes. Such an ex- 
pectation runs counter to what is known about 
student abilities and interest and ignores the 
influence of the school and community envi- 
ronment" (p. 53). Curriculum developers and 
science educators today expect science curric- 
ula to be adapted to the local classroom. 

As stated previously, teachers and principals 
rank ''information-processing and decision- 
making skills" as very important and generally 
value first-hand learning (Welch, 1981). This, 
coupled with the evidence of the beneficial 
outcomes of activity-based science, would lead 
one to conclude that activity based-science in 
the elementary school can be perceived as very 
valuable indeed. But it must be made Jeasibte 
as well. Teachers will have to be convinced 
that it can woric in the classrooms they cur- 
rently have, and that the chosen science cur- 
riculum is flexible enough to fit ^h^^r situation. 

Developing the science curriculum to local 
classrooms requires teacher input Teachers 
know the conditions in their classrooms and 
buildings. If a change is proposed, all partici- 
pants should arrive at some essential under- 
standing of that change. How is the class to be 
managed? How does one keep all children 



engaged and productive? How much whole 
group woric, how much individualized study, 
how much small group woric? Where and how 
will materials be assembled, prepa^*ed, col- 
lected, and stored? How much expertise does 
the teacher expect of her/himseK? By the 
student? of their teacher? What is a comfort- 
able balance between content and process? 
Between deductive and inductive learning? In 
what way will teachers be accountable for the 
students' achievement? What will the achieve- 
ment tests measure? 

I'm going to need help if I'm going to 
teach science. 

Only 40 percent of the elementary teachers 
in We'ss' survey felt that local inservice was 
useful X "W. ui Welch, 1981). 

Teachen ompUiin that inservice is inekvant 
to the classroom; that inr^rvice is too didactic; 
that inservice provides few opportunities to par- 
ticipate actively; that they have few or no oppor- 
tuniti^for input during inservice planning that 
there is a lack of continuous long-ter inservice 
plan. (Bethel, 1984, p. 151) 

The NSF-fiinded inservices of the 1960s sci- 
ence curricula emphasised the latest develop- 
ments ui various science fields. They tended 
to pay little or no attention to instructional 
j^trategies or the teacher behaviors necessary 
for implementing the programs in the class- 
room (op. cit). More recently, however, re- 
search ui curriculum has focused or the im- 
plementation aspect of curriculum develop- 
ment For instance, in 1975 Klopfer and Cham- 
pagne evaluated the Individualized Science 
program, describing its development, materi- 
als, and the shapuig and implementation of the 
innovating strategies that would encourage 
teachers to use it (White and Tisher, 1986). 
Again, this reflects the trend away from get- 
ting tb^ teachers to fit the program to design- 
ing the program to fit the teachers, the class- 
room, and the s^ldents. 

Successful implementation of an innovation 
involves focusing on teacher reception and 
perception of the material. For elementary 
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teachers who avoid teaching science, an inno- 
vation nuty be their first concrete introduction 
to the practical a^)ects of inquiry or hands^n 
science. A number of studies have shown that 
workshop experiences ith inquiry methods 
and hands^n activities improve presendce 
teachers' attitudes toward science and inquiry 
methods (Bethel 1984). Teachers appreciate 
Ae eflfidency of such insendces: "Science 
teachers want inservice programs that are 
activity-oriented, pmctical, and tuned to their 
needs'* (Mechling and Oliver, 1983a, p. 42). 

An interesting note for supervisors is the 
foDowiog rating taken from Weiss' survey: 
Sixty-one percent of K-3 and 52 percent of 4-6 
grade teachers found other teachers to be use- 
fiil sources of information. Twenty-seven per- 
cent of K-3 and 21 percent of 4-6 grade teach- 
ers found specialists to be useful (Pratt, 1981). 
Other teachers are not only fellow experts in 
elementary teaching, they are also avaOable to 
help in curriculum planning. The supervisor 
should enlist the help of some of these build- 
ing e3q)erts for inservices. 

Sdenoe makes me feel uncomfortable 
and unsure ol myself. I feel 
inadequately qualified. 

Yager and Bonnstetter (1984) reviewed die 
NAEPThird Assessment of Science (1978) and 
did a foUow-up study in 1984 using the «ame 
questions that appeared on the nrtionai as- 
sessment They asked 9 year-olds, 13 year- 
olds, 17 year-olds, and young adults about tiieir 
perceptions of their science teachers, classes 
and course content In bodi studies it was found 
that 

Elemehtary school teachers are mo." success- 
ful with making science exciting. Perhaps their 
own lack of traditional science study, their oum 
lack of understanding, their oum wonderment 
and curiosity, their freedom in admitting titeir 
own lack of expertise is an advantage in making 
science personally exciting to students. It may be 
related to their greater encouragement of stu- 
dents to share ideas and experiences wiih others 
in the class, (p. 410) 

O 
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How much of a science expert do you really 
have to be in order to teach science v.'c!l^ It 
seems probable that the more familiar the 
teacher is witii tiie material to be taught, tiie 
more comfortable that teacher will be with 
teaching it But this does not necessarily mean 
that the most effective science teachers are 
those with the most science in their back- 
grounds. Indeed, research '^ound tiiat tiiere 
was no correlation between formal subject- 
matter preparation and teacher knowledge of 
the subject or between formal subject-matter 
preparation and student cognitive learning^ 
(Smitii, 1980, p. 65). Perhaps tiiere is a certain 
'threshold" amount of science teachers should 
know, beyond whkh other factors, such as 
enthusiasm or knowledge of chUd develop- 
ment, become the more effective components 
of good science teaching. 

Koballa and Pice (1985) suggest tiiat to im- 
prove attitudes toward science in the class- 
room, the teacher should project an image of 
credibility and have sufficient information, but 
should not be afraid to say, ''I don't know." In 
addition. Bethel (1984) found evidence tiiat, 
when teachers develop good science process 
teaching skills, knowledge of science was less 
important than actually participating in the 
design of inquiry lessons. 

The science supervisor who lacks elementary 
teaching experience may face problems in 
improving science education unique to the 
elementary school situation. Elementary sci- 
ence may not be considered necessary or valu- 
able and teachers may be reluctant to take on 
additional teaching subjects for which they feel 
inadequately prepared. Even if elementaiy sci- 
ence education is valued, teachers may feel 
that insufficient support, a tight classroom time 
schedule, and their own lack of science exper- 
tise are problems too large for them to sur- 
mount alone. 

The science education literature offers the 
science supervisor material for convincing ar- 
gument The outcomes of activities-based sci- 
ence and an integrated curriculum are indeed 
valuable; and elementary teachers already 
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possess many of the qualities of effective sci- 
ence teaching. 

Convincing and persuasive argument is only 
the first step in establishing a program, how- 
ever. Teachers want substantia], concrete, and 
activity-oriented insenoce that ghres them 
material they can take back to the classroonL 
Recently, curriculum developers have re- 
sponded to the need for a science program 
that can be adapted to fit the specific teacher, 
learner, and community situation. While 
teacher acceptance and enthusiasm are impor- 
tant factors in innovation, teachers themselves 
need the continued support of the administra- 
tion and conmiunity in their efforts. 



all the factors invohred in elementary sci- 
ence instruction, the teacher is the key. In a 
study of excellent science teachmg, 

P^ick notes that the size of the budget, the 
school, or the community are not the limiting 
factors. He says, initially, the teachers are the 
most significant factor. Teachers in each of the 
exemplary programs want to teach science. They 
are dynamic, thoughtful, young-at-heart, eager 
to learn with their students, and they are profes- 
sional educators. (Kyle, 1984, p. 17) 

'i he science supervisor would do well to take 
advantage of and build upon the strengths and 
knowledge already at hand in his or her dis- 
trict 
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X he science supervisor has many responsi- 
bilities: among them is assisting teachers in 
translating research findings into classroom 
practice. This activity is a never-ending one 
and has long been a concern of the science 
education community (Helgeson» Blosser» and 
Howe, 1977; Yager. 1978; Butts et al., 1978). 

This chapter presents an overview of some 
of the research recently published in science 
education journals, explores possible reasons 
why teachers do not use research, and con- 
cludes with some dissemination models that 
supervisors and other science educators might 
consider. 

Research on Learning 

Co^iitive Development 

Science education researchers appear to have 
accepted Piagefs ideas of the developmental 
stages through which children pass. Concrete 
operational students, no matter what their 
chronological age, appear to benefit from the 
physical manipulation oi objects* \^ich implies 
the need for laboratory or other handson ac- 



tivities. The af;e at which manipulation ceases 
to be important is likely to depend on the kind 
of learning acthdty involved. If the activity is 
dull but instructive* a student vnH need to ma- 
nipulate the materials. If the activity is inter- 
esting, the student can benefit from a demon- 
stration while the teacher emphasizes the 
important features (Herron et al., 1975). 

Concept Formationy Conceptual 
Understanding 

There is a large body of research on science 
concept formation, much of it being carried 
out at the University of ^^lsconsill. TTiese stud- 
ies have shown that students appear to need 
exposure to instances when a science concept 
both does and does not fit a circumstance. 
Also, research has revealed that students' 
understanding is based on their interpretation 
of past experiences rather than on scientific 
knowledge. Many researchers are currently 
work--*; the problem of students' miscon- 
cepujns. (Champagne and Klopfer» 1983; 
Gilbert, 19«3). In 1983 tiie first intemation^ 
seminar on misconceptions in science and 
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mathematics was held at Cornell Uiuversity 
(Helms and Novak, 1983). 

Although instruction can correct seme gross 
misconceptions, they generally remain unal- 
tered and impede learning if not directly con- 
fronted and addressed. Misconceptions may 
be wideq>read and appear to be unrelated to 
svtitude or level of cognithre development Chil- 
dren may hold views of the world that differ 
fiiom those commonly accepted in scieace. 
Their teachers need to be aware of this fact 
and need to learn to use strategies that help 
their pupils resolve the cognitive conflict be- 
tween their views and tho?e of scientists. 
Teachers need to have a better understanding 
of the interaction of cognitive development, 
notions regardiiig causdity, and conceptual 
understandiog so they are better able to choose 
instructional strat^es for science (Olstad and 
Hauiy, 1984). The judicious choice of science 
textbooks alone wffl not resohre the problem 
of misconceptions. Tliis problem is com- 
pounded by the uurt that teachers themselves 
may hold misconceptions similar to those of 
their students (Gilbert, 1983). 

A number of ience education researchers 
have advocated the use of the learning cycle in 
science teaching to promote concept forma- 
tion (Ward and Herron, 1980; Renne'- ^t aL, 
1984, 1985, 1986; Saunders and Sh^ .dson, 
1984; and SmithandLntt, 1984), although the 
results of their studies vary. Smith and Lott 
(1984) state that four conditions must exist if 
students are to reevaluate thdr misconcep- 
tions: (1) students must be dissatisfied \/ith 
existing conceptions, (2) the new conceptions 
must be intelligible, (3) the new conceptions 
must be initiany plausible to students, and (4) 
the new conceptions should appear fruitftil, 
leading to new insights and discoveries. 

Problem Sohring 

Problem sohring is another area of research 
that has appeared in the annual reviews of the 
National Association for Research in Science 
Teaching-Educational Resources Information 
Center (NARST-ERIC) and is curre.-tbr receiv- 
ing emphasis in other content areas under the 



heading of thinking skills. Problem-sohdng and 
process skills in science are clearly related, so 
making sure students use science pixxress skills 
as they learn science concepts will contribute 
to the development of problem-sohdng skills. 
Muidple approaches to instniction should be 
used to accommodate differences in cognitive 
development among pupils. Problem-sohing 
acthdties should include concrete representa- 
tion ^nd hands-on experiences. Also, if stu- 
dents are given familiar variables to work with, 
they will be able to concentrate or acquiring 
new skills in controlling variables (Helgeson, 
in press). 

Relevance to Teachers and Supervisors 

Teachers need to use these research find- 
ings as they teach. They need to be able to 
analyze the learning patterns of their students 
and to respond with ai^ropriate teaching strate- 
gies. 

Research on Teaching 

A current theme of the research on teaching 
is the uiteraction within classrooms. Res'^arch- 
ers have quantified and analyzed classroom 
verba! and/or nonverbal behavior (Balzer, 
Evans, and Blosser, 1973). The research con- 
tinues (Anderson, 1984). Numerous studies 
on teachers' questioning behaviors and use of 
wait time have been published. Researchers 
have concluded that the types of questions 
teachers ask do influence student achievement; 
that teachers need to ask more questions that 
promote higher-level thinking; that tf^achers 
who can learn to wait longer for students to 
think before providing a response, or wait 
longer before taking over the discussion fol- 
lowing a response will ha^'e more students 
involved in discussion, recei/e more thought- 
ful answers, and encourage more stc >nt-stu- 
dent (as opposed to teacher-student) interac- 
tion (Rowe, 1974: McGlathc,-y, 1978; Blosser. 
1979; Tobin and Capie, 1981). 

Research on teaching from other fields has 
relevance for science educators. Th Is research 
has been summarized by Berliner (1984) as 
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relating to 

• preinstrudional factors: decisions about 
content, time allocation, pacing, and grouping 

• during^nstruction factors: engaged time, 
time on-task, time management, monitoring 
success rate, academic learning time, monitor 
ing during seat work or activities, structuring, 
and questioning 

• climate factors: communicating academic 
e3q)ectatioi» for achievement; develoimient of 
safe, orderly, and academically focused work 
environments; sensible management of devi- 
ant behavior, and developing cooperative learn- 
ing environments 

• post-instructional factors: testing, grading, 
and proWding feedback to students 

Some science education research studies 
have been conducted on the factors identified 
by Berliner. Eraser and Fisher (1983) have 
created instruments to assess the science class- 
room's psychosocial environment Sanford 
(1984) and others have studied tl^^e manage- 
ment of science clas^iooms. Methc»ds tor gath- 
ering quantitathre data on teaching behaviors 
aiid procedures for conducting qualitative lytvd- 
ies in science clas»t)om8 exist and are avail- 
able for teachers to use on their own. 

Research shows that teachers dominate class- 
room talk and ask most of the questions, many 
of wliich stimulate only low-level thinking; that 
4ie use of handsK)n activities in science classes 
has declined (Stake and E&sley, 1978) and is 
continuing tr decline (Weiss, 1986); and that 
low-achieving students have less engaged stu- 
dent time in science than do high achievers 
(Stallitigs, 1982) as well as less variation in the 
activities they undertake, ^parently, findings 
firom research studies have not yet been trans- 
lated into cla^oom practice. 

Why Don't Teachers Use 
Research? 

^iVhy have research findings had so little im- 
pact on classroom practices? Reasons proba- 
bly vary with the individual teacher, but some 
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generalizations can be made. First, teachers 
have to know the research. For this to occur, 
teachers must either read journals in which 
the research is reported or attend meetings of 
professional associations where p^rs based 
on research studies are presented. Both of 
these acthdties invohre time and money. Teach- 
ers are busy with daily routines ihat must be 
fdllowed if they are to survhre in their class- 
rooms. Their dayo often end the daily 
chores are completed. When teachers can find 
time to read beyond the sources they need for 
planning and teaching, they probably do not 
read the science education journals in which 
research data are reported. 

Even if teachers look at the research jour- 
nals, th^ might doubt if wading through all 
the jargon and statistics is wordi getting to the 
small section on inq>lications for ".lassroom 
practice, if indeed such a section can be fDund 
in the research ardcle. Journals have space 
limitations, and authors are faced with deci- 
sions about what to report and what to omit 
They are, for the most part, writing for other 
researchers; thus, sections which translate 
research lindings into classroom practice are 
brief, if uiciuded at all. 

Teachers attend meetings of professional 
associations to acquire ideas and teaching tech- 
niques th^ can use with their pupils. They 
attend workshops and sessions in which other 
teachers report; they are not likely, however, 
to choose a research-focused session unless 
these sessions are dearly identified as having 
implications for classroom practice. This is the 
practical approach to take when time is limited 
or new ideas are needed: go to the practitioner 
who functions daily in the same situation as 
other teachers, rather than to the researcher, 
whose dnie is spent in another environment 

Also, it is possible, as Berliner (1984) has 
written, that teachers do not use research be- 
cause it has been oversold: they have a perva- 
sive mistiiist of research, and much research 
on teaching is of recent development Rogers 
has asserted that practitioners tend to ignore 
researcu studies and reports because many of 
these reports are ''...jargon-laden, pretentious, 
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and unclear^ (1984). 

Third, most conventional educational re- 
searchers do not invohre their subjects— the 
teachersr-4n the research itself. The teacher- 
subjects have little to say about the purposes, 
timing, methods, and tests invohred. Rogers 
characterized teachers as perceiving research 
as a Tiit-and-run" activity. Roney (1984) cites 
research's lack of attention to context and over- 
emphasis on means instead of ends as sources 
of discouragement to teachers. 

Information from science education research 
must be in a form that enables teachers to 
consider alternatives, to make mure informed 
professional judgments, and to refine the com- 
iiM)nsense knowledge and theories which guide 
their actions (Power, 1984). 

The Dissemination of 
Research 

Before research findings can be implemented 
in the classroom, they have to be written ui a 
form that teachers find useful and have to be 
disseminated by soiae means to their uitended 
audience. This dissemination can take place in 
several ways. 

Publicatians 

In 1978 the National Science Teachers Asso- 
ciation began publishing a series of books on 
What Research Says to the Science Teacher. 
Research articles sdso appe. -nder the same 
titlt* in the four NSTA journals. These articles 
transkte research findmgs about a specific 
topic to implications for classroom practice. 
They do not stress research methods or statis- 
tical techniques but provide information on 
findings of changes ui ckssroom techniques. 

The^palachia Educational Laboratory, Inc., 
in Charleston, West Virginia, has proiduced 
several publications entitied Research Within 
Reach... in which authors identify and briefly 
discuss research findings that can be used by 
teachers. Research Within Reach: Science 
Education (1984) focuses on science educa- 
tion and is available from the National Science 
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Teachers Association. 

The National Diffusion Networic (NDN) pro- 
duces a publication entitied ''Editcational Pro- 
grams That Work." This public ion contains 
descriptions of programs judged as "exenh 
plary* by tiie Department of Education's Joint 
Dissemination Review Panel. The panel looks 
for cognitive and affective gains presented by 
each project Information pnmded for each 
exemplary program uicludes the tai^get audi- 
ence, description of the program, evidence of 
effectiveness, implementation requirements, fi- 
nancial requirements, services available, and 
the individual(s) to contact for further infor- 
mation. 

A variety of publications can be found 
through ERIC. ERIC is a network of clearing- 
houses on different subjects located across the 
country, ^nsored by the U.S. Department of 
Education, these clearinghouses produce di- 
gests and information bulletins taiigeted to 
. . readers within a specific clearinghouse's scope 
area. In addition, they also produce Informa- 
tion Analysis Products (lAPs) intended for 
teachers of different grade levels. For example, 
the ERIC Clearinghouse for Science, Mathe- 
matics, and Environmental Education (ERIC/ 
SMEAC) has produced Especially for 
Teachers-Science, 1966-1S81, a collection of 
over 900 citations on the teaching of science. 
This document focuses on teaching activities 
and curriculum materials rather than on re- 
search. The digests and information bulletins 
provide teachers with a current awareness of 
research-based information rekited to science, 
mathematics, and environmental education. 

In addition, all ERIC clearinghouses contrib- 
ute materials to two monthly publicatioi^s, 
Resources in Education (RIE) and Current 
Index to Journals in Education (CUE). These 
nK>nthly publications are found in 771 differ- 
ent locations in the continental United States, 
as well as in additional locations in U.S. territo- 
ries and foreign countries (Brandhorst and 
Eustace, 1986). The ERIC database contains 
research reports, curriculum materials, 
speeches, papers presented at professional 
society meetings, and so on, and is the fourth 
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moat-used database in die United States 
(Brandhont and Eustace, 

From time to time the National Assessment 
of Educational Progress (NAEF) issues reports 
based on research in science education. Sur- 
veys are condu(.1ed involving 9year-olds, 13- 
yearolds» 17-y earolds, and young adults (ages 
28 to 35) to af isess dieir knowledge and atti- 
tudes. Sdeno* assessments have been con- 
ducted in 19fi»-70» 1972-73, and 1976-77 by 
NAEP, and in 1961-82 by researchers at die 
University cf Minnesota (Rakow, Wekh, and 
Hueftle, 1984). These surveys are reported in 
botti tedmical reports and in journal articles. 

In 1984 NARST began die publication of 
Rtsearch Mattm...To tiu Scmce Teacher. 
These short publications highli^^t research 
findings releiwit to teachers. While they pro- 
vide an overview of research findings, they do 
not contain dtations of relevant literature for 
tiiose who wish to read more on the topic. 
Instead* the reader is urged to contact the 
author of Research Matters for fiirdier informa- 
tioiL 

Reports of science education research are 
abo issued by sts te departments of education 
and by the Departinent of Education's regional 
labs mi centers. 

In fact, so much research-based information 
is available that has relevaiice for classroom 
practice that a science supervisor coukl spend 
an of his or her time identifying and dissemi- 
nating such information. 

Networks 

John Goodlad, in his report of a large-scale 
study of American education entitied A Place 
Called School (1984)» suggested diat schools 
should join with other schools that are endeav- 
oring to inqmve education. According to Good- 
lad» ''...schools that set out to be self-renewing 
by themsehres will probably not get as £ar as 
schools that set out to be renewing within a 
context of support^ (Qumby» 1985). NDN uses 
an information dissemination model with two 
types of change facilitators: program develop- 
ers and regionally based facilitators. Program 
devekq)ers are technical escperts on specific 
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programs or innovations. Facilitators link the 
program developer* the local educational 
agency* and die local schools interested in us- 
ing the irmovation. Facilitators provide assis- 
tance, aiordinate acthrities of potential and 
currentusif^, and maintain contact widi school 
^tems as die change process takes place. 

The NDN model presents supporting re- 
search evidence and actively promotes effec- 
tive science education innovations* ratiier than 
indiscriminately disseminating information 
about research findings. 

Sometimes informal networlcs exist among 
school administrators and other leaders in 
neighboring school systems Strong uistruc- 
tional leadership has been cited as a key 
element in the effective schools literature 
(Turkey and l^tht 1982); administrators or 
supervisors ak>ne» however, cannot bring about 
the cooperation of teachers. 

Responding to Teachers' 
Concerns 

o 

Oupervisors not only want to tell teachers 
about research on teaching* learning* and 
implementation, they want teachers to apply 
relevant findings. Supervisors can provide 
teachers with copies of articles, summaries of 
research, and remiUs of database searches: they 
can facilitate the granting of release time and 
travel monies to attend professional meetings, 
and so on. While these activities help teachers 
become aware of informatk>n they might use, 
they do not necessarily resuk in die next step— 
the use of this information by teachers ui their 
planning and teachins. 

If teachers are to use the available informa- 
tion, they must see a need for its use and feel 
secure enough to attempt to introduce the 
innovation mto their daily routine. It is at this 
pomt in the change process that information 
about the Concerns /Based Adoption Model 
(CBAM) described by Hall, Wallace, and 
Dosett (1973) becomes important for supervi- 
sors to know about and act upon. (For a de- 
tailed discussion of the CBAM Model, see 
"Managing Change in the Science Program" 
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in this volume.) 

pervisors need to help teachers become 
aware of and use research about teachings 
learning, and unplementation. This task, like 
so many others in education, k more complex 
upon examination than it may appear at first 
glance. Supervisors must be aware of informa- 
tion sources in which research data have been 
conununicated in a form useful to teachers. 
Supervisors also need to look particuhrly for 
the sections of research reports in which con- 
clusions and implications are discussed. Jour- 
nals such as those published by the National 
Science Teachers Association and the School 
Science and Mathematics Association regularly 
include articles emphasizing what research 



says to the teacher. The members of the Na- 
tional Science Supervisors Association (NSSA), 
either as individuals or as an organization, may 
want to encourage the staff of other journals to 
include this feature in their publications. 

The most effective xhanism for communi- 
cating relevant research to teachers will vaiy 
with the supervisors and th : teachers on their 
staff. Some supervisors may send out a quar- 
terly newsletter identifying research related to 
one of more of the instructional factors; other 
supervisors may want to circuhte copies of 
articles covering specific topics to interested 
teachers. Supervisors may also hold periodic 
update sessions on classroom research as part 
of inservice or staff development activities. 
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AAich in the san. i way t^ e ceK is the basic 
unit of Me, the classroom is the basic unit of 
schooling. The similarity is striking in that, 
whUe a cell must htwe genetic instructions, a 
source of energy, and synthetic capabilities to 
folly function, a classroon works best when a 
cuniculuni, students, and teadiers become 
integrated into a system. This interaction be- 
tween curriculum, teachers, and students will 
be the focus of this chapter. A classroom must 
also have a supporting environment provided 
by school administrator^ and parents. While 
these will not be discussed directly, their indi- 
rect influences are ccxnponents of schooling. 

We have constructed a model of the compo- 
nents '^nd dynamics of the ck'^.sroom in Fig- 
ure 1. We shall discuss here the internal ele- 
ments depicted modtl: teacher, student, 
peers, and scievice. The interactions between 
dieae factors create the tb ee clinutes of the 
dassnxxn: social, instruct onal, and learning. 
The external factors of fchooling— adminis- 
trators, parents, and couuiiunity-— are present 
and e^'erc contiuaal influence. Our discussion 
here will be linuted to the internal factors asso- 
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STUDENT 



SCHOO' TEACHER- 



' PEERS 



FRIENDS 



SCIENCE 



COMMUNrrY 

Figure 1. Model depicting the prirclpal 
components and interactions of the 
classroom. 



dated with classroom climates. 

Final performance and attitudes toward learn- 
ing are influenced by the student's initial per- 
formance and attitudes, as well as by his or 
her classroom, peer group, arid hor environ- 
ment 
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Getzels and Thelen (1960) developed a modd 
in which the classroom was viewed as a social 
system enconq)assing the interactions between 
the personalities, needs, role expectations, and 
classroom climate that infl;ience behavior. 
WalbeiTg (1968) and several of his associates 
used this model to examme the internal envi- 
ronments 01 Harvard Project Physics classes. 
Thqr d<F;monstrated that the classroom envi- 
ronment predicts both cognitive and affective 
learning outcomes; cognitive aspects of the 
classroom are better predictors of cognitive 
outcomes, and affectWe aspects of the class- 
room are better predictors of affective out- 
c(Hnes. 

Simpson and Troost (1982) examined rela- 
tionships between the variables of self, home, 
and school, and attitudes toward science and 
science achievement in grades 6 through 10, 
They hypotiiesizefl tiiat each variable had a 
moderate to strong relationship witii students' 
at Itude tG-,vard science aiid achievement in 
science. Recent reports by Talton and Simpson 
(1985) have confirmed tiiese relationships. 

Haladyna and his co-workers developed a 
model that examines the relationships between 
students, teachers, the learning environment, 
and attitudes toward science (Haladyna, Olsen, 
and Shaughnessy, 1982, 1983). The model di- 
vided the variables Lito two categories: those 
that are directiy influf.nced by tiie school envi- 
ronment (endogenous) and those that are not 
(exogenous). Findmgs from tiiese studies fai- 
dicat*»d that the learning enviror'^ent is 
stroi^ly related attitudes toward science, 
and the science teacher can mediate th.** ef- 
fects of the leaniktg environment on s^;dent 
attitudes toward science. 

Studies on what creates an effective school 
consistently found tt^at schools with cleai 
academic goals, a supportive learning climate, 
on-task instruction, and *-cqucnt monitoring 
and feedback give sti* :;ents a good probability 
of success (Butts Oennison, and Simpsor, 
1987). Schools lacking tiiese foui characterise 
tics have students with kss probability of 
success, even though they may have resources 
available to them that are usually ^pected to 



support succtd.>. 

According to tiie research on effFHrtive school- 
ing, four groups of people ai-e essential to tiie 
development ot these characteristics— stu- 
dents, teachers, administrators, and parents 
or conmiunity. As noted by West (1986), suc- 
cessful schools are those where the most 

..xompelling determinant in Uie long process 
um not only adherence to hi^ standards for 
students, but also equal attention to making 
sure that everyone who influences individual 
children does everything possible to help them 
learn. As one teacher told a site visitor, *w2gang 
up on kids so they can't /ail.' (p. 187) 

In these schools, Lie entire community is 
committed to providing students with maxi- 
mum opportuni^. In this open environment, 
students and teachers work hard to achieve 
common goals. 

Social Climate 

Figure 2 depicts the basic components of a 
classroom's social climate. The teacher's in- 
teraction with each learner and the muhidi- 
mensional uiteractions among students thcm- 
se\es constitute the science classroom's com- 
pl« " social system. Since young people are by 
nati4.B social beings, this aspect of classroom 
climate needs to be understood by science 
teachei's. 

Talton and Simpson (1985) found tiiat tiie 
attitudes of individuals toward science corre- 
lated strongly with their perception of ^leer 
attitudes. This correlation rose from sixth to 
nintii grade and then leveled off. Talton and 
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Figure 2. Model depicting social climate 
in the classroom. 
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Sunpson concluded that adolescent students 
seek to share the attitudes of their peers, and 
that this relationship was strongest in th e ninth 
gFade» a time when most young pecple ap- 
proach physical maturity. 

The nature of group dynamics and the way 
in which students interact with each other and 
with their teachers holds profomid implica- 
tions for teaching and learning, hi the past, 
many teaching strategies and curricula viewed 
the student as an autonomous, independent 
learner. In &ct, today's students are sophisti- 
cated social beings who are greatly stimulated 
and influenced by those significant others 
around them. Hence» bou science curriculun^ 
and instructiop should take into account the 
social climate of the classroom. When this cli- 
mate is positive^ when there is mutual trust 
and respect, and when member^ of the group 
can take risks, a new potential for effective 
science teaching and learning comes into 
being. 

A key role fe>r science teachers is to gener- 
ate, nurture, and maintain a social climate that 
supports academic learning. Teachers, 'Stu- 
dents, administrators, and parents must un- 
derstand and accept academic learning as the 
primary purpose for schooling. They must set 
consistently high expectations for schooling 
routines and enforce them fairly. Specifically, 
Tour elements must be developed to create a 
supporting social climate: 

• Students need access to a reasonable set of 
classroom and school rules that are enforce- 
able (Kounin, 1977; Brophy 1979; Squires, 1980; 
Sanford and Evert<^on, 1981; D'Amico. 1981: 
Evertson, 1982; Emmer, i98i;i^derson, 19P2; 
Bickel, 19&3; Eubanks and Levine, 1983; Howe, 
1984; Blum, 1984). 

^ Stud* >\{s clearly know the rules for appro- 
priate anv' acceptable behavior in the class- 
ro m an. I s±oo? (Ruff, 1978; Squires, 1980; 
D'Amico, 1981; /nde ^n, 1982; Blum, IM). 

• Students avoid disrupting the class and ex- 
pect to experience the consequences if they 
do (Squirts, 1980; D'Anrico, 1981; Anderson, 
1982; Blum, 1984). 
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• V/hen correction is needed, it is clearly 
delineated and handled in a timely fashion 
(Squires, 1980; D'Amico, 198l; Anderson, 
1982). 

Thus, a supportinfi social climate incorpo- 
rates all the players— students, teacher, ad- 
ministrator, and patents — in an orderly envi- 
ronment that clearly defines ejqxjcted behav- 
iors. The consequences for departure fi^m 
these boundaries are administered in a timely 
way to support rather than discourage the 
learner. 

Instructional Climate 

The teacher, student, and science curriculum 
constitute the instructional climate of the class- 
room. In Figure 3, one can see that the '/^ys in 
which the teacher interacts with each student, 
the ways in which each student interacts with 
science, and the ways in which the teacher 
relates to science together set the instructional 
tone in each classroom. 

A paramount aspect of instructional climate 
is the way students and teachers feel toward 
each other. For example, if teachers show re- 
spect for students, and thus establish high 
expectations lor learning, higher levels of learn- 
ing will indeed follow. The development of such 
positive attitudes facilitates a more intense re- 
lationship with science. If students have strong 
positive feelings toward their teacher, and their 
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Flqure 3. Model depicting in:trurtional 
Climate In ciassroom 
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teacher presents science in a manner consis- 
tent with the nature of science, then students 
will experienve science in ways otherwise not 
possible. 

The most effecthre learning results from class- 
room experiences planned in advance and ar- 
ticulated with a clear congruence between 
goals, activities, and tests. Such instruction is 
the product of teachers who teach toward 
clearly defined student goals, and who are skill- 
ful in maintaining eictenshre contact with their 
students both in and out of the classroom 
through relevant and monitored homework. 
Four elements indicate an effective instruc- 
tional climate: 

• The instniction is designed to fit the indivi- 
dual needs of students and takes into account 
their prior learning, their nme conceptual 
frames of reference, and their learning styles 
(Anderson 1982; Bickel, 1983; Blosser, 1988a; 
Blum, 1984; Brinckerhoff and Yager, 1985), 

• Instruction is based on a mastery learning 
strate.5^ recognizing that all must achieve, but 
that somt may need more time or alternative 
pathways (Squires, 1980; D'Amicc, 1981; Blos- 
ser, 1984b). 

• The OiVtask instruction gives the learner 
the time and resources he or she n^eds for 
learning (Ruff, 1978; Brookover, 1981; Aider- 
son, 1982; Eubanks and Levine, 1983; Bickel, 
1983; Mitman and Osaki, 1984; Blum, 1984; 
Howe, 1984; Blosser, 1984b). 

• Instruction is based on the assumption diat 
students are indeed individually responsible 
for their teaming, and that this responsibility 
is recognized and accepted by all players 
(Squire, 1980; Evertson, 1981; Brown, 1983; 
Blum, 1984; Brinckerhoff and Yager, 1985). 

Learning Climate 

This part of the classroom climate embraces 
important educational outcomes in our society 
(see Figure 4). The achievement in and com- 
mitment to science that our young people ex- 
perience while !• ^ar schools establish a base 
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Figure 4. Model depicting learning 
climate in the classroom. 



from which successive interactions with sci- 
ence emanate. Oliver and Simpson (1986) 
found that achievement in and attitudes to- 
ward science in the tenth grade are excellent 
predictors of how much exposure to science 
students will seek in the future. For example, 
those students who are successful in tenth 
grade bioiogy are much more likely to enroll 
in eleventh grade chemistry; those that do ar 
much more likely to take additional science 
courses beyond high school. 

A positive learning climate results from clear 
academic goals, operationally defined as tiie 
basic knowledges and skills derived from per- 
sonal construction by students vho know what 
is expected of tiiem, who expert to do well, 
and who have access to frequeriC assessnrien^. 
and feedback. 

To monitor their owri progre ss, students need 
clear goals and a means to demonstrate 
achievement Effective fkrhooling studies show 
tiie learning climate can be enhaiiced through 
the follovnng elements: 

• Students gain tiie knowledge and skills for 
the tasks that will be used to assess their r 2 og- 
recc (Squires, 1980; Brown, 1983; Anderso i 
and Smitii, 1985). 

• Students are helped to construct tills knowl- 
edge, not merely exposed to it (iiqufaes, 1980; 
Blosser, 1983; Brinckerhoff and Yager, 1985). 

• Students know what is expected of tiiem 
(BrookoNW 1981). 
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• There is :i continuous diagnosis of student 
progress, with teachers monitoring homework, 
class worK and tests (D'Amico, 1981; Ander- 
son. 1982; Eubanks and Levine, 1983; Bickel, 
1983; Howe, 1984; Blum, 1984^ 

• Feedback on student performance is rea- 
sonably prompt (Bickel, 1983; Purkey, 1983; 
Blum, 1984). 

This chapter began with an analogy. We lik- 
ened the science classroom to a ceU. As with 
any system, there are components, a source of 
energy, and interactions, ^ii the classroom, the 
components are the teacher, the students, and 
the curriculum. Goals and escpectations serve 
as sources of energy, and learning becomes 
the end result of all the interaction ;. 
If we believe that the classroc - is the basic 



unit supporting our educational system, that 
the nature of the components comprising a 
science classroom make a difference, and that 
these interactions can lead to powerful learn- 
ing outcomes, then we have a foundation on 
which to build for the future. Healthy organ- 
isms are a result of strong ceUs and a pobltive 
supporting environment An effecth^e educa- 
tional system is the result of positive \.lassr 
room environments surrounded by sound 
administrative, family, and community support 
systems. Research results now support what 
ma ly of us had already suspected: positive 
social, instructional, and learning climates lead 
to positive cognitive and affective learning. If 
we believe t*^at this model accurately predicts 
educational outcomes, then we have a key that 
can be used to improve science instruction in 
our schools. 
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Supervision: the action, process, 
or occupation of supervising; esp.: 
a criticai watching and directing 
(as of activities or a couise of 
action). 

MhuTER's 9th Nfw CoLLECiATE Dictionary, 1983 

There are many ways of 
supervising science; not aii of 
these are ways of heiping peopie 
teach science better. 

PARAmMSEO FROM A STATEMENT WHICH ORIGINALLY 
APMAREO m iNWIMMUMTAl StuOIIS. 

If was 3:00 on a ra tty Friday afternoon late 
in spring when Oiris's boss, the assistant super- 
intendent for curriculum and instruction for Ike 
HeppUtOtite Sdtooh said in passing, "By the 
way, Chris, well be gating your evaluation 
started pretty soon. Lei's get together next week 
some time to tdtk more aibout it' 

Since Chris was just nearing Ike end of a year 
df service as Hepplewhite's K-12 science coordi- 
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nator, Uie evaluation would he a first, both for 
Chris and for the district. Frequently during 
that weekend, Oiris' thou^ts returned to the 
evaluation. Vniatform will the evaluation take? 
Who will be doing it? What will they be looki,)g 
at? What if George Grinch, the chemistry teacher 
at Glenaaks Hi^.^ tells them about the scrap we 
got into about the new computer software? How 
will they really know how good a job I've been 
doing? 



While every science supenasor wants to do 
a good job, most of us really don't give m" :h 
ds^-UHiay thought to "supervisor effecti/e- 
ness," except perhaps at e\'aluation time. At 
thai point, we realize just how hard it is to 
define "effective." Defining effective science 
supendsion is as challenging as trying to de- 
fine good teaching. We ca*? perhi^ best ap- 
proach the question through a series of ap- 
proximations. As each foce. is revealed, we 
can begin to better understand what the phrase 
''effective science supervision" does in fact 
mean. 
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TABLE 1 

Overall Rank-Order of Supervisor Activities (n = 265) 
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Rank 

Order 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 



Activity 

Consulting with Teachers 
Teaching of Pupils 
Curriculum Activities 
Activities re Supplies/Equipment 
Evaluation of Teaching 
Consulting with Administrators 
Obser-ations of Classroom Teaching 
Reports/Research 
Formal Meetings 
Consulting with Pupils 
Preparation Time 
Social Interaction 

Classroom Demonstration Teaching 
Conducting ln-Sen«ce Workshops 
Co-Teaching a Classroom Lesson 
Inter-School Transportation 
Observation of another Supr/Admin. 



Corresponding 
Mean Value 

3.669 

3.574 

3.511 

3.376 

3.093 

3.046 

2.889 
2.828 
2.812 
2.763 
2.582 
2.492 
1.773 
1.533 
1.438 
1.245 
1.135 



From "AProfile of Science Supervision in New York State" by W. Ritzand M Felsen 
1976, Saence kducation, 6(K3), p. 343. Reprinted by permission. 



Who Are We Talking About? 

When Chris and the boss met the Jbllotoing 
week. Dr. Oobledt suggested that they look at a 
supervisor checklist used by an administrator 
Jrom the nearby Oiippendale district last year. 
As Oiey looked at it, however, it became appar- 
ent that, while the checklist was intended for 
evaluating science supervision, many of its 
criteria were based on activities in which Chris 
had not been involved. They wondered about 
this until Chris remembered that B. /, the sci- 
ence supervisor at Chippendale, worked exclu- 
sively with teachers in grades 7-12. 



ERIC 



Our proLIems begin with the title ''science 
supervisor." We use that title as though it were 
just one tVpe of position, but this is not the 
CL \ Instead, one finds people assigned to a 
wide variety of responsibilities. Regardless of 



their specific job title, they think of themsehres 
as science supervisors, and so do their em- 
ploying school districts. Our first challenge, 
then, is to consider tfie it any permutations 
found under the generic title ''scieace supervi- 
sor." 

The most common position titles appear to 
be those of ''science supervisor," "science con- 
sultant," and "science department chairpenon.** 
In our study of sdence supervision in New 
York state (Ritz and Felsen, 1976), we found 
the latter position to predominate (82.1 per- 
cent) amoLg those persons identifii^d on the 
State Department of Education iwter of sci- 
ence supervisory personnel Only about 12 
percent of those responding actually used the 
specific title "science supervisor," and lesfi than 
one-half of a percent callecl themsebes "sci- 
ence consultants." In addition, another 5 per- 
cent identified themsehres irlih titles different 
again fiom these three. In attempting to deal 
with science supervision, then, it seems im- 
portant to fi -St ascertain ^liat position is under 
consideration. In some of the research, all tides 
are hmiped together under a generic "sdence 
oup<!rvisor" category (for example, Ritz, 
Cashell, and Felsen, 1981), but others such as 
Perrine (1984) have focused exclusbely on 
just one of several subclasses. Nothing is in- 
herently wrong with either approach, but if s 
helpfiil to know what position is the focus of 
any given study. 

What Is the Science 
Supervisor's Role? 

A few days later, someone gave Chris a copy of 
an evaluation questionnaire u^ich cam from 
State University. .He good neu. was that ttis 
instrument was designed /or supervisors work- 
ingK-12,Just like Qtris. Furthermore, thisques- 
tionnaire had been used in several research 
studies across ihe country and its content valid- 
ity had been checked by a panel cf experts. Chris 
anticipaUd that they had at long last /bund an 
appropriate vehicle for use back at Hepplewhite. 
The bad news, though, was that the activities 
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stiU didn Y match Ike Uiings Chris had worked so 
hard to accomplish ti^is past year. 

Any discussion of eJectiveness must assess 
and consider the specific tasks the science 
supervisor lisdertakes. Several s^dies have 
addressed this question. In our 1976 study 
(Ritz and Felsen), 265 ''science supervisors'* 
(note the generic title) described tfieir woiic 
week 1^ rating 18 supervisory activities on a 5- 
point scale. The activities on the questionnaire 
were klentified by a group of science supervi- 
8k>n interns who woiked from their owi. is 
to summarize fhe^ many activities into the 18 
eateries. Table ▲ Ji^k^s the overall activity 
rank-orderiLj tihat emerged from this study. 
Note that the activity ranked second (teaching 
of pupils) probably reflects diis stud/s pre- 
pcmderance of science department chairper- 
sons, most of whom teach at least half-time. 
Table 2, on the other hand, compares the rank 
ing of these activities by ''chairpersons of sci- 
ence departments" «4tii those calling them- 
selves ''science supervisors." It is important to 
note that respondents were instnicted to an- 
swer in terms of what they typically do; be- 
cause of this, a particuhr response did n ^ 
necessarily r^Qect how that person might have 
rated the importance of tiiat activity. 

In 1981, tiie Nationa' Science Teachers As- 
sociation (NSTA) published results of a sur- 
vey on the perceived role of the K-12 science 
supervisor (note their q)ecification of the 
position tide) based on data gathered at three 
1978 NSTA area conventions. This report (Beck 
etaL, 1981) was based 0*- .10 surveys receh^ed 
from 162 teachers, 24 administrators, and 30 
"others." At the top of the list (most beneficial 
as science supervisory roles) were activities 
rdated to instruction, foUowed by curriculum, 
staff devek>pment, inq>lementation, manage- 
ment, assessment and, k»tly, "assignment, 
transfer, load** (staffing), biterestingly, tiiere 
does not seem to be much difference in per- 
ceptions at the tivee different grade-level cate 
godes reported (K-6, 7-^, 10-12). Where 
differences did exist, the teachers of grades 
10-12 wre tile ones who viewed the supervi- 
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TABLE 2 

Rank-Ordered Supervisor Activities: 

Comparison of Science Supervisors with Department 

Chairpersons 



Science Supervisor 

(n = 32) 



Chairperson of Science Dept. 
(n = 218) 



1 .,2. Consulting with Teachers 
and Curriculum Activities 

3. Consulting with 
Adnriinistrators 

4. ''upplies/Equipmen 

5. Evaluation of Teaching 



1. Teaching of Pupils 

2. Consulting with Teachers 

3. Curriculum Activities 

4. Supplies/Equioment 

5. Evaluation of Teaching 



(Items 6 through 12 not applicable) 



13. inservice V^orkshops 

14. Classroom Demonstration 

15. Co-Teaching 

^6. Inter-School Transportation 
17. Observation of Another 
Supervisor/Adrr.inistrator 



13. Classroom Demonsu<jtion 
Teaching 

14. Inservice Workshop 
Teaching 

15. Co-Teaching 

1 6. Inter-School Transportation 

17. Observation of Another 
Suparvisor/Administrator 



From "A Profile of Science Supervision in New York State" by W. Ritz and M . Felsen, 
1976, Science Education, 60(i), p. 346. Reprinted hy permission. 

sory role differently from the other two groups. 

In contrast, Periine (1984) focused hi^ atten- 
tion on elanentaiy science supervison;, exam- 
ining and contrasting the views of elenientary 
teachers and their science supervisors. He also 
examined the influence of a wide variety o.* 
demographic variables on elanentaiy teach- 
ers' perceptions of their science supervisors. 
Twenty-nine elementary science supervisors 
and 470 randomly-selected K-^ te&:hers from 
New Jersey wcie asked to respond to 32 ques- 
tions from two standpoints: the supervisor's 
actual and ideal performance. Perrine's instru- 
ment included the following components of 
supervision: conunumcation, working relation- 
ship, leadership style, creativity/confidence, 
nersonnel position, initiating structisre, con- 
sideration, and dedsiOD making. However, 
analysis of the teacher perceptions yielded just 
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two factors which accounted for 74 percent of 
the variance for the "actual" and 80 percent of 
the "ideal" Perrine identified these as (1) pro- 
vision of technical expertise and/or assistance 
and (2) humanistic interaction with teachers. 

Madrazo and Hounshell (1987) examined the 
role e3q)ectancy of the science supervisor by 
administering the "Science Coordinators Role 
Expectations Questionnaire" (Ortiz Plata, 1977) 
to over 500 North Carolina superintendents, 
supervisors, principals, elementary and secon- 
dary teachers, and college inx>fessors. (Note 
the instrument's use of the "coordinator" posi- 
tion title.) The questionnaire's 48 items fell 
into 5 subscales--the coordinator as: (1) a 
resource in science teachuig, (2) a resource 
for implementing the science program, (3) a 
resource for inservice programs, (4) a leader 
in science teaching, and (5) a supervisor of 
science. Their research findings supported the 
view of Anderson (1972) that a supervisor's 
role is percewed differenfly by different people. 
The greatest difference ^)pears to exist with 
respect to Subscale 5, the coordinator as a 
supervisor of science. Role expectations which 
suggest "evaluation" functions seem to pro- 
duce the greatest dhreigence of attitude. We 
shall return to this point later. 

Our 1981 study (Ritz, Casliell, and Felsen) 
yielded results similar to those of Perrine ui 
terms of the science supervisor's role. Wtth 
143 supervisors and ?58 of their teachers re- 
sponding to a science supervision rating scale 
(SSRS), four factors, which we labeled "instruc- 
tional intervening," "inteipersonal/supporting," 
"management/planning,'' and "socializing," 
emeiged from the combmed group analysis, 
and these bear a strong likeness to the two 
factors identified by Perrine. It seems safe to 
say that the science supervisor's role can be 
percehred as having at least two major compo- 
nents which we referred to as the "formal" and 
"nonfcrmal" components of science supervi- 
sion. 

Job descriptions typically focur on the "for- 
mal" component, which Perrine refers to as 
•technical expertise and/or assistance," and 
with Miiich the NSTA survey seems primarily 
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to have been concerned. Our research, in some 
ways corroborated by Perrine, seems to be 
telling us that the "nonformal" component, 
Perrine's "humanistic interaction," is as impor- 
tant The nonformal, humanistic component 
may even serve as a kind of catalyst ^ch 
enables tiie formal aspects of supervision to 
succeed. However, before we examine that 
notion, it would be helpful to more fully con- 
sider the formal and nontormal dimensions of 
supervision. 

The Formal and Nonformal 
Dimensions of Supervision 

Very frustrated in not finding an appropriate 
evaluation instrument, Dr. Oobleck and Chris 
finally decided to simply convert Chris' ^ de- 
scription into an evaluation checklist. That 
seemed like a good idea to Chris, untUacarefid 
reading of the checklist they drafted made clear 
that many activities that had taker, much agbrt 
were stUl not represented C*m poitied out fyr 
example, how much effort had gone into con- 
vincing teachers that their new science supervi- 
sor was going to be working witn Otem as a 
coUeague. Where would participating in potluck 
suppers ana faculty Christmas parties fit into 
the job description? And what about substitute 
teaching for Sally Van Wolverton one afternoon 
last winter, so she could get to her son's tuba 
recital over in River City? As a result cf that 
simple gesture of friendly coUegiality, Sally be- 
came one of Chris' most outspoken advocates in 
one of the District's most difficult schools. 

The "formal" relationship that exist? between 
teachers tvid their supervisors is generally 
established through a job description set forth 
in the school district policy handbook. The 
rationale is rather straightforward: carefiiUy 
spell out the position responsibilities so that 
productive supervisor-teacher relationshq)s and 
effectiveness can be more readier achieved and 
assessed. A cleady delmeated statement of 
expectations can adso be comfortable to the 
supervisor, vfho now feels that he or she knc 
what performance is expected. 
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In reality, things do not worlr quite this way. 
Experien^ supervisors know that their ''real" 
job description extends far beyond the written 
one. In addition to fulfilling a set of formal 
oiganizational tasks, supervisors also need to 
attend to the "informal" dimensions of the 
supervisor-teacher relationship. Job descrip- 
tions typical^ sound as though one could carry 
out eadi task in a vacuum. However, the set- 
tings in which science supervision are carried 
out are social systems, and die tasks of the 
science supervisor inevitably involve interact- 
ing with teachers and others. The quality oi 
the supervisor's informal relation^p with 
teachers plays a nuyor and perhaps catalytic 
roie in determiniAg ^ifhat can be accomplished. 

This vie w receives strong substantiation from 
our research (Ritz» CasheH and Felsen, 1981), 
as well as from Perrine*s study (1984). Using 
instruments based on our earlier research, we 
asked sdence supervisors and a sampling of 
thar teachers to e3q>ress their views on super- 
>i8ory effectiveness by rating 26 formal and 
nonformal supervisory activities. Examples of 
formal activities included curriai^um woric, 
inservice woricshops, and observation of class- 
room teacliing. Nonformal activities included 
helping a teacher with a personal problem, 
facilitating interpersonal relationships among 
staff, and protecting staff frx)m undeserved criti- 
cism. 

We also wanted to compare science supervi- 
sor and science teacher views on the quality of 
the supervisor's relationships with teachers, 
what might be called the supervisor's ''group 
membership." In order to assess this, we used 
a modification of the "PeDon-Group Relatton- 
^p Scale" (Felsen and blumberg, 1973, a, b, 
c). We were eq)ecially interested in exploring 
the relatk>nship that might exist between group 
membership status and the supervisor's per- 
"Mved effectiveness. To what extent are teach- 
eis' ratings of the effectiveness of science 
supervisors influenced by the supervisor's 
interpersonal skills? 

We hypothesized that science supervisors 
who devek)p a relationship with a high degree 
of attraction (how much the supervisor is at- 
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tracted to membership with the foculty) and 
acceptance (how much the faculty accepts the 
supervisor as a member) wiO be seen by those 
teachers to be more effective than those whose 
relationships are less positive. To examine that 
relationship, we used a statistical procedure 
that ''ttempts to e3q)lain the relationship be- 
tween twc variables, which in this case were 
psychological group membership and supervi- 
sory effectiveness 

Two statistically significant correlations 
emerged from that analysis. The first relatk>n- 
ship showed group membership to account 
for about 39 percent of the variance in supervi- 
sion effectiveness. The items from our instru- 
ments which best e3q)lain this rekdonship 
suggest that general interpersonal/conununi- 
cation behaviors are the source of this correla- 
tion. The second relationship, accounting for 
about 3 percent of the variance shared by the 
two instruments, is personal liking for the 
supervisor. It syipears that the supervisor's 
group membership status strongly influences 
his or her perceived job effectiveness. Fur- 
thermore, our analysis seemed to si^ow that 
the supervisor's interpersonal/communication 
behavior could be changed to obtain more 
positive perceptions of his or her jo'^ effective- 
ness. 

When Perrine (1984) analyzed teachers' per- 
ceptions of both the ideal and the actual super- 
visory behavior, he identified only tv^'o main 
factors pertinent to supervisory ^ectiveness: 
(1) provision of technical expertise and/or 
assistance, and (2) humanistk: interaction with 
teachers. He described the first factor as being 
"instruction^riented," whereas the second was 
said to be related to what he termed "profes- 
sional skills." 

The message emerging friom these studies 
seems clear science supervisors who are per- 
ceived as being effecth^e do more than meet 
the 'Yormal" expectations of their job descrip- 
tions. They also carry out nonformal,. people- 
oriented acthaties that help thern to become 
better integrated into their faculty groups. 
When they do so, teacher perceptions of their 
efi^ jtiveness become more posithre. 
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The Different Perspectives of 
Teachers and Supervisors 

Ultimately, Chris and Dr. Oobleck decided to 
ask a random sample of teachers to help evalu- 
ate the science supervision at Hepplewhite. 
Rather than focus exclusively on Chris's per- 
formance, they decided to ask teachers and the 
other subject matter supervisors to rate the sci- 
ence supervision in terms of both the ''ideal" and 
the "actual. ' From this, they hoped to get some 
good ideas about services that teachers desired, 
as "11 as an assessment of the services already 
being provided. 

Characterizing it as a kind of ''cold war," Blum- 
berg (1974) described the relationship between 
supervisors and teachers in these words: 

Teachers tend to say that they find their super- 
vision of little value. Supervisors say their wot. 
has a lot of value. Supervisors seem to be saving 
that they want to spend more time doing what 
their clients (Vie teachers) consider to be rela- 
tively useless, (p. 13) 

Most research examining teacner and su- 
pervisor views on the supervisor's role or ef- 
lectiveness finds that teacher and supervisor 
perceptions tend to be contradictory. But, while 
our findings (Ritz et al., 1981) proved to be no 
exception, we also identified a number of im- 
portant: areas of agreement More about these 
later on. Recall that our study identified four 
factors which tend to influence supervisor ef- 
fectiveness: (1) instructional/intervening; (2) 
interpersonal/supporting; (3) management/ 
planning; and (4) socializing. TVo additional 
factors we examined, attraction and acceptance, 
relate to group membership status. Teacher 
and supervisor views differed significantly on 
four of these six factors. In the following three 
cases, supervisors rated themsehres as being 
more successful than did their teachers: 

• instructional/intervening activities (such as 
inservice workshops and co-teaching^ 

• inter sonal/supporting activities (such as 
helping teachers wiili personal problems, in- 



formal communications, and mediatirig con- 
flict) 

• acceptance in the faculty group (in terms of 
how truthful, argumentative, or fiiendly super- 
visors can be) 

Only with respeo ^o one factor, "socializing 
activities" Onvohdng teachers in social events 
or supporting faculty social events), did the 
teachers rate the supervisors as being more 
effective than tiiey rated themsehres. In Per 
rine's research (1984), disagreement between 
the perceptions of teachers and those of sci- 
ence supervisors was greater in terms of the 
ideal roJe expectation of supervision than for 
actual supervisory practice. Teachers also 
expressed higher expectations of science 
supervision than the supervisors themseWes. 
Furthermore, bo'Ji groups considered the 
current leadership behavior of the science 
supervisor to fall far short of the ideal. 

Madrazo and Hounshell (1987) also identi- 
fied differences In science supc Msor role ex- 
pectations. Administrators and teachers (both 
elementary and secondary) differed with re- 
spect to **the coordinator as a resource for 
implementing the science pro^Tsm" (orient- 
ing teachers in the preparation of daily lesson 
plans, help in preparing demonstration lessons, 
and discussing science lessons and cottrse 
plans witfi teachers). In general, administra- 
tors also saw the science supervisor's role dif- 
ferently with respect to the coordinator as a 
supervisor of science. Administrators favored 
having the supervisor make regular visits to 
schools, and following up those visits with 
meetings or conferences and written reports. 
The greatest dhrergence of opinion is seen with 
regard to what can be termed ''evaluation" 
functions of supervision, a point to which we 
will examine shortly. 

It would be unfair to focus exclusively on 
supervisor-teacher differences of opinion, fc»r 
our research also uncovered a fair number of 
points of agreemtiit Figure 1 displays the ten 
activities that our samples of supervisors and 
science teachers said supervisors do most ef- 
fectively. Note that while the r,mk?ngs differ, 
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Figure 1. Contrasting Top Ten Supervisory Activities Handled Most Effectively 
as Ranked by Science Supervisors and by Science Teachers 



Rank 


Science Supervisors 


Science Teachers 


1. 


Actvities relating to supplies/equipment 


Activities relating to supplies/equipment 


2. 


Supporting creative ideas originated by teachers 


Consulting with administrators 


3. 


Consulting with administrators 


Informal communication and dialogue with staff 


4. 


Curriculum activities 


Supporting creative ideas originated by teachers 


5. 


Informal co ^munication and dialogue with staff 


Protecting staff from undeserved criticism 


6. 


Getting to know staff as individuals 


Getting to know staff as individuals 


7. 


Observation of classroom teaching 


Curriculum activities 


8. 


Mediating conflict between teachers and others 


Helping a teacher with a personal problem relating to school 


9. 


Protecting staff from undeserved criticism 


Mediating conflict between teachers and others 


10. 


Evaluation of teaching 


Giving personal feedback relative to teaching performance 



From "'Cold war* between supervisors and teachers?" by W. Ritz 'd |. Cashell, 1976, Educational Leadership, 3801 PP- 77-78. 
Reprinted \ y permission of the Association for Supervision and C' rriculum Development and the authors. 
Copyright ©1971 by the Association for Supervision and Curriculum Development. All rights reserved. 



eight of the ten activities appear on both lists. 
Both groups felt the supervisors were most 
effective in dealing with supplies and equip- 
ment, activities of special significance in sci- 
ence teaching. It was nice» too» to find that 
both teachers and supervisors saw their su- 
pervisors as supportive of the creative ideas 
originated by teachers. 

Attaminq More Positive 
Teacher Perceptions of 
Science Supervision 

During their evaluation discussions, Chris and 
Dr. Oobleck were delisted to notice that teacher 
evaluations ofHepplewhite's science supervision 
wer^ generally on a par with the evaluations 
provided by Chris* admi $istrators. By contrast, 
most of the published studies showed teacher 
perceptions to be less positive. That in turn 
prompted them to wonder how Chris managed 
to attain these results. What, they wondered, set 
Chris' performance apart from what is more 
ofknseen? 

ERIC 



In discussing perceptions of supervisor be- 
havior and relationships, Blumberg (1980) 
stressed the need for supervisors to strike a 
balance between **the energy devoted to the 
task itself and that devoted to the development 
of healthy relationships amoiig the people 
workmg on the task." While the results of our 
1981 study of New York state science supervi- 
sors indurated a feurly good balance in terms of 
acthdties accomplished* some key aspects of 
disagreement did exist that should not be ig- 
nored. A key area of concern appears to be the 
reahn we labeled ''interpersonal/communica' 
tion" activities. In view of the strong statistical 
relationship observed between these acthdties 
and teacher ratings of supervisory effective- 
ness, science supendsors should make a con- 
certed effort to develop healthy relationships 
with and among thdr teacher clients. This is 
cerrainly not to say that nothing else counts, 
for teachers certainly do expect high-quality 
sendees from their supendsors. But too many 
supendsors may focus their efforts too nar- 
rowly on "job description" tasks, when in fact, 
teachers clearly expect more. 

J SI 
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Striving for Excellence in 
Science Supervision 

As Chris and Dn Oohleck worked their way 
throu^ Chris' evaluation (which was, inciden- 
tally, very positive), they talked at some length 
about goals for the coming year, deciding on a 
few things for special emphasis. As their discus- 
sion continued, it became clear that certain kinds 
ofadministrative co>.mitment would be required 
for these to become attainable goals. Because 
Dr.Oobleck and the other administrators could 
not pledge all that would have been required, 
they negotiated a reduced and more feasible set 
of goals fi^r the coming year. During their talks, 
the conversations inevitably turned to the evalu- 
ation of teachers. Dr.Oobleck proposed that Oiris 
begin to actively participate in these evaluations 
because, 'As science supervisor, you are Ike expert 
on what good science teaching should look like. 
None of the administrators in the Hepplewhite 
District understand science and scietice teach- 
ing the way you do." Not having been involved 
in teacher evaluation b^re this, Chris won- 
dered how it mi^t aJBbct the collaborative rela- 
tionship that was currenUy being established. 
Vp to this point, Fve been a helping colleague to 
the science teachers of Otis district. What will 
Uiis do to the trust Vve worked so hard to estab- 
lish?' 

It is important for administrators and science 
supervisors to realize that exceUence in sci- 
ence supervision requires more than assign- 
ing a person to develop a better science pro- 
gram, even if that person is a knowledgeable, 
hardworking individual. Excellence in science 
supervision requires a concerted effort towa^il 
which a wide variety of human and fiscal re- 
sources must be conunitted. The ''Criteria for 
Excellence m Science Supervision" of NSTA's 
Search for Excellence in Science Education 
(SESE) remind us of several necessary t}T>es 
of institutional commitment In addition to the 
more obvious commitments called for (such 
as an adequate budget for supplies, equipment, 
and staff development), the criteria also speo 
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ify administrative support to provide a science 
center, to facilitate communication linkages, 
to roster ongoing staff planning, and to sup- 
port planning and curriculum development 
Clearly, those who specified these criteria 
understood that a science supervisor cannot 
attain excellence without strong administra- 
tive support and conunitment 

Criteria for Excellence in 
Science Supervision 

Excellence in science supervision is evi- 
denced by a science supervisor who 

• has the necessary scientific knowledge to 
communicate successfully with science teach- 
ers 

• is professionally active in and out of his/her 
district 

• works with teachers in planning and imple- 
menting after-school and summer enrichment 
opportunities for students 

• provides leadership and assistance in identi- 
fying creative and talented science students 

&ccellent science Mipervision is 
evidenced by planning and curriculum 
development yffMch 

• takes the long-range view 

• has the support of teachers and the admini- 
stration 

• bases curriculum revision on current re- 
search, and on an assessment of goals and 
objectives tiiat meets the needs of tiie local 
community and of society at large 

• includes all dimensions of science educa- 
tion—content, process, attitudes, science and 
society, science and technology 

• uses a grading/reporting system tiiat is 
consistent with the nature of science 

Excellent science supervision is 
evidenced by a program of inservice 
opportunities ^ch 

• provides experiences which are tied to the 
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curriculum and to long-range plans, goals, and 
objectives 

• includes a science center to which teachers 
can come to share, sohre, and create 

• enables teachers to study, evaluate, and '■eo 
ommend solutions to local problems of con- 
cern to them 

• addresses the professional development of 
individual teachers 

Excellent science supervision is 
evidenced by an administration y^ch 
supports science education by 

• providing an adequate budget for supplies, 
equipment, and staff development 

• cooperating with teachers to identify 
strengtlis and remedy weaknesses 

• facilitating conununication linkages between 
classroom teachers, administration, and the 
local governing board 

• fostering ongoing staff planning {Criteria 
for Excellence, 1987) 

Administrative support for the science su- 
pervisor can and should also take other forms. 
There is, for example, the matter of determin 
ing what the supervisor is expected to do. The 
concern here is not with most of the activities 
typically found on a science supervisor's job 
description. The decision about what tasks to 
include or exclude is mostly a matter of decid- 
ing what needs to be done and how much time 
and energy the supervisor should devote to it. 
Quite different, however, is the decision as to 
whether the supervisor should have to evalu- 
ate teachers (or science teaching, if you pre- 
fer). This decision should be most careftilly 
considered. Several studies have suggested 
that it might be better to separate "consulta- 
tive'' functions (most of what most science 
supervisors do) from "evaluative" functions. 
When Schrigley (1980) examined science 
supendsor characteristics that influence their 
credibility with teachers, he concluded that 

The data imply that the office of the credible 
supervisor is a service, rather then a rating, 




agency. The supervisor who rates teacher per- 
formance may not find it easy to establish ihe 
credibility desired to influence teachers' attitude 
positively toward science, (p. 165) 

Madrazo and Hounshell (1987) similariy raise 
concerns about the evaluation function, indi- 
cating that "...[evaluation] is probably where 
the divergent attitudes among the various 
groups of educators showed most" Based on 
our several studies of supervisor activities and 
supervisor effectiveness, we speculated that 
the most important factor hampering effective 
interpersonal/conununication activities, which 
we found to be critical in determining teacher 
ratings of supervisor effectiveness, may be the 
evaluation function. If this is true, the sugges- 
tion of a recent working group of the Associa- 
tion for Supervision and Curriculum Develop- 
ment (ASCD) (Sturges, 1979) to separate ad- 
ministrative and consultative supervisory roles 
is worth heeding. 

Regardless of whether or not such a separa- 
tion of functions exists, school districts should 
exert great care in selecting persons to serve 
as supenisors. Most supenisors seem to move 
into their new positions as a result of demon- 
strated success in the classroom, which does 
not assure success as a supervisor. Perhaps a 
more important criterion would be the candi- 
date's high level of skill in working with a 
broad variety of people. 

One has also to consider to what extent sci- 
ence supervisors have been trained to work 
with adult clients within the school organiza- 
tion. Blumberg (1980) found tb 't some 20 per- 
cent of the supenisors he studied "located the 
source of their problems in themselves, most 
typically in their feelings that their communi- 
cations skills were inadequate.** Should school 
districts require or at least provide such train- 
ing to their supervisors? 

There is also the matter of rewards. To what 
extent do school districts provide incentives 
for supervisors to devote attention to the inter- 
personal aspects of their work? Far too often, 
success in the institutional sense is linked 
almost completely to the formal job descrip- 
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tion. If the school fails to ^aew what the super- 
visor does to develop close working relation- 
ships with teachers as important, it runs the 
risk of encouraging supervisors to neglect 
these aspects of the position. 

whateve • means, it is essential that sci- 
ence supendsors woric diligently to improve 
the interpersonal/communication aspects of 
their supendsion. It is certainly doubtful that 



teac? ers would rate as successful a supervisor 
who failed to meet their minimum oqjecta- 
tions with respect to the '^formal" activities of 
the position, no macter how great their inter- 
personal skills. However, no matter how well 
those formal functions may be m^*. still greater 
success can be attained by the supervisor who 
does so while also developing a strong* trust- 
in,? relationship v^ith teachers who are, after 
all, the supendsor*s clients. 
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